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PREFACE. 



THE Author is well aware that the subject of 
Practical Paper-making is one to which a 
much larger and fuller work than the present might 
have been devoted. He trusts, however, that this 
little volume, slight as is the treatment of most por- 
tions of the subject, will in some measure supply a 
need which he has himself felt for several years, 
and more especially during the first years of his 
apprenticeship — namely, the need of a work on Paper- 
making which, while not neglecting those teachings 
of theoretical and practical chemistry, the under- 
standing of which is necessary for the successful 
and economic production of paper, should at the 
same time give due consideration to the practical 
working of the Paper Mill. 

He is aware, also, that to carry out this plan, even 
on the unambitious scale of the present work, there 
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Practical Paper-making. 



CHAPTER I. 

CHEMICAL AND PHYSICAL CHARACTERISTICS 

OF VARIOUS FIBRES. 

As the chemical and physical characteristics of the 
materials from which the paper-maker draws his supply 
determine to a marked degree the quality of the finished 
product, a thorough grasp of these characteristics is 
indispensable to all who aim at the production of the 
best possible results with the minimum of cost 

The percentage of cellulose— or, to use a term more 
readily understood by paper-makers, the amount of 
available paper-making material — varies with the plants 
from which it is obtained, and the treatment to which 
it is subjected in the process of freeing it from its 
combination with the non-cellulose or non-available 
material with which it is so intimately bound up. 

The chemical formula for cellulose is C 6 H 10 O 6 , which 
means that 6 equivalents of carbon, 10 of hydrogen, 

i 
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and 5 of oxygen are united together to form the sub- 
stance known by that name. These proportions are 
constant, though the physical characteristics may differ 
very widely, and it is of the first importance that great 
care be taken, in the different processes through which 
the raw material must pass, that none of the chemicals 
employed have the effect of changing its nature by 
adding to or taking from its constituents, thus'giving 
rise to serious complications. 

Cellulose which has been in contact with bleaching 
solution for a lengthened period, or even exposed to 
the action of air and light for any length of time, will 
be found to have lost much of its original strength and 
firmness, and in addition to have acquired properties 
that were wanting in its pure state. This change is 
due to the action of the atmospheric oxygen in entering 
into combination with the cellulose molecule to form 
what is technically known as the oxy-cellulose obtained 
by the action of a weak oxidising agent on cellulose. 

The oxy-cellulose has the property of extracting 
basic colouring matters from their solutions and being 
permanently dyed by them, and further possesses an 
extraordinary affinity for vanadium compounds, uniting 
with them from solutions containing infinitesimal pro- 
portions. 

Pure cellulose is insoluble in all simple solvents. 
A solution of cupric hydrate in ammonia alone acts 
on it, first causing it to swell up and finally dissolving 
it. The reaction with a solution of iodine in potassium 
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iodide is mostly used for its detection; but in order 
to render it effective it is necessary to employ a 
dehydrating agent, such as sulphuric acid, when 
the characteristic deep blue or violet colour will be 
produced. 

Before the cellulose can be made available for the 
manufacture of paper, it must first be freed from its 
combination with the non-cellulose constituents with 
which it is united to form the plant structure. 

Plants may be designated as an aggregation of fibres 
and cells bound together by gummy, resinous, and 
waxy substances, which have a function similar to 
that performed by lime in cementing and rendering 
durable the stones or bricks of which a house is built ; 
and as the stones, in order to be used in the building 
of another house, would first have to be freed from the 
lime with which they were bound together in the pre- 
vious structure, similarly the fibres and cells must be 
freed from all substances which, though indispensable 
to their existence in the plant life, would tend to impair 
their value as paper-making material. 

Cotton differs from the other plants in this, that by 
the natural process of ripening the fibres are so freed 
as to yield a pure cellulose, which is available without 
the preliminary treatment which the compound cellu- 
loses must undergo. These compound celluloses are 
classed under the following heads: — 

(1) Pecto-celluloses, so named because they yield 
pectic acid on the breaking up of their combination. 
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The flax plant may be taken as typical of the celluloses 
comprising this group. 

(2) Ligno-ceUitfosts, which owe the designation to 
their yielding non-cellulose or lignine as the result of 
their disintegration. Jute is the typical cellulose of 
this group, in which are included all the different forms 
of woody tissue. 

(3) The third group exist in such a small proportion 
in paper-making materials, that, as compared with the 
preceding compound celluloses, they are of little im- 
portance. They are known by the name adipo-ctlltttoses, 
and are so termed because on reduction they yield acids 
analogous to those obtained by the reduction of fats 
and cork tissue. This group embraces the cuticular 
tissue of such plants as straw, esparto, and cotton. 

The problem, then, which presents itself to the prac- 
tical paper-maker for solution is not simply to become 
acquainted with the physical features of the fibres he 
desires to use for the production of his paper, but to 
arrive at the most economical method by which he can 
best secure the liberation of such fibres in the form 
most suited to his particular purpose, while preserving 
as far as possible the original strength. 

Such materials as rags and thread, which have 
already been subjected to retting, boiling, and bleach- 
ing by the textile manufacturer, require no very drastic 
treatment to render them suitaBle to the needs of the 
paper-maker, as they are already in a more or less pure 
state before coming to his hands. 
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It is for this reason, coupled with the physical cha- 
racteristics of their fibres, that they are so much valued 
by him. It will be readily understood that it is with 
such materials as esparto, straw, and wood that the 
chief difficulties in the way of extracting the available 
cellulose exist. 

In addition to the fact that esparto and straw have 
been subjected to no previous disintegration, there is 
another reason which renders them less valuable as a 
paper-making material. In the process ot the building 
up of their plant structure the fibro-vascular bundles, 
from which the available fibres are obtained, are scat- 
tered irregularly throughout the main mass, and are 
more closely connected with the non-cellulose con- 
stituents than are the "bast" fibres ol flax, hemp, 
and jute, the fibre bundles or "filaments" of which 
form a separate and cohesive tissue, and are thus 
more easily freed from the surrounding non-available 
material. 

Before taking up the different processes through 
which the materials are passed, in order to render 
them fit for the production of paper, a glance at the 
physical features of the various fibres will be of 
material assistance in enabling the paper-maker to 
obtain a knowledge of the conditions best suited to 
their successful treatment 

The ultimate fibres of the cotton plant consist, as 
before stated, of pure cellulose, and on examination 
under the microscope will appear as long, flattened 
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tubes always more or less twisted upon themselves. 
The side walls are rough and granulated, which is most 
easily seen when dry. They are strong and flexible, 
and suited for the production of the finest qualities 
of paper, though from the spongy nature of the fibre 
the finished sheet is less hard than that made from 
linen. When the tubular form of the fibres is' borne 
in mind, it will be at once understood why the colouring 
matter is so difficult to remove from coloured cotton 
rags. (See Plate I., Frontispiece, fig. I.) 

Linen, the fibre of the flax plant, is, like cotton, 
tubular, but the side walls are much thicker, the 
central cana! is smaller, and, consequently, the fibre is 
harder and less spongy. (See Plate II., figs. 3 and 4.) 

Papers made from linen rags are hard, strong, and 
firm to handle. The fibres obtained from ropes and 
bags are mostly hemp, and are somewhat like linen, 
but much more coarse and harsh; as they are seldom 
completely freed from the incrusting matters they 
require to be boiled with a larger percentage of caustic. 

Jute fibres are strong but very difficult to bleach 
white, and, indeed, if subjected to such treatment as 
will dissolve all the extraneous matter, and reduce to 
ultimate fibres, their original strength is much impaired. 

Manilla hemp yields strong fibres, easily detached, 
but, like jute, somewhat difficult to bleach white. (See 
Plate I., Frontispiece, fig. 2.) 

The ultimate fibres of esparto are short, smooth, 
and tubular, but in some places the central canal is 
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completely hidden by the thickening of the side walls. 
(See Plate IV., fig. 7.) 

Straw fibres are very similar in appearance to esparto, 
but they are shorter and more highly polished, thus 
tending to make their felting power much less, and 
rendering paper made from them very brittle. (See 
Plate IV., fig. 8.) 

Wood fibres vary with the different species from 
which they are obtained and the methods used to 
isolate them. Pine wood is capable of yielding long, 
soft, transparent, flexible fibres, well suited to the pro- 
duction of strong well-felted papers. Ash and similar 
trees yield short, hard fibres, possessed of no great 
felting properties. (See Plate III., fig. 5.) 




CHAPTER II. 

CUTTING AND BO/LING OF RAGS.— JUTS 
BOILING AND BLEACHING. 

Grading; of Rags. — As the quality of the finished paper 
is dependent on the successful carrying out of the 
different processes through which the stock must pass, 
it is indispensable to the production of a uniform and 
satisfactory result that the greatest care be taken in 
each department to ensure the intelligent application 
of the principles on which each process depends. 

Nowhere would a neglect of the requirement of each 
particular class be more disastrous than in the rag 
room, which may not inaptly be termed the birthplace 
of the varied qualities of beautiful papers which are 
met with in the market. 

Carelessness in the regulations of the standard of 
each particular grade of rags cannot fail to lead to 
mischievous results, as in such circumstances the stock 
may at one time be above the usual quality intended 
for the paper made, and, at another, much inferior; 
and yet with such manifest defects the paper produced 
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is expected "to be equal to last making in every 
respect." 

The only remedy for such a state of matters, which 
is not an uncommon one, is that the official in charge 
of the department should insist that the cutters and 
sorters give the necessary attention to the strength 
and cleanliness recognised as the standard of each 
grade. If this be done consistently and intelligently, 
it will soon make itself known in the smoothness with 
which the subsequent processes will go forward, and 
in uniformity in the purity, strength, and shade of the 
paper made which will far more than repay the extra 
time and care involved. 

Bag-cutting. — Though the rag-cutting machine has 
been much improved of late years, it cannot be said 
to have superseded cutting by hand, especially for the 
better qualities of paper. 

As will be readily understood, the rags in being cut 
by the machine come far less under the supervision of 
the women whose duty it is to grade the different 
qualities used in the mill ; and this, together with the 
fact that in the tearing and cutting on the machine 
much of the best of the fibres is damaged, presents a 
serious drawback to its adoption. 

In cutting strong, coarse material, such as canvas and 
bagging, these defects do not exist to the same extent, 
and, though they did, would be of less importance ; 
consequently it is more suited to that class of stock. 



When the rags are run straight from the cutter into 
the dusting-machine, as is often the case, the carrying 
felt should be long enough to admit of standing room 
for sorters on either side, so that any extraneous 
material, such as wool, silk, etc., which may have 
escaped detection when feeding in the rags, may be 
removed, and thus prevented from finding its way into 
the boilers and, it may be, into the finished paper. 

Rag Boiling, — The object in subjecting rags, or other 
paper-making material, to the process of boiling is 
that the reducing action of the water, aided by the 
temperature and pressure employed, may break up 
the combination of the cellulose with non-available 
substances. 

Caustic soda is the chemical usually employed to 
render this action more thorough, and to ensure the 
complete removal of all the incrusting substances which 
by their presence tend to render the subsequent bleach- 
ing process much less effective, and to otherwise impair 
the value of the material. 

Rags, which have already been subjected to such a 
process before coming into the hands of the paper- 
maker, require to be treated with a much smaller 
amount of caustic compared with such raw materials 
as esparto and straw. In the case of rags, the func- 
tion of the soda is to remove the size, which is often 
applied to the fabric, together with any dirt which may 
have become attached to the interstices of the material 
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in its journey from the textile factory to the rag store, 
and also to destroy, as far as possible, any colouring 
matter and render it more susceptible to the action of 
the bleaching solution. Caustic soda has, in addition, 
the effect of softening the fibres, thus rendering them 
more flexible. 

As the feel and look of a paper depend quite as 
much on the elasticity and complete freedom from all 
incrusting matters of the original fibres, as upon the 
treatment they receive in the subsequent operations of 
breaking and beating, it becomes at once apparent 
that what at first sight seems a very simple matter — 
namely, the determination of the amount of caustic 
soda most suitable for each material — is in reality a 
somewhat difficult problem, and one which requires 
much greater consideration than is usually given 
to it. 

The physical nature and condition of some rags may 
be such as to render them quite inert, and of little 
felting power, should they be boiled with the amount 
of caustic necessary to the production of a good 
colour when bleached. The wisdom of continuing 
to use such materials, even though obtained at a 
comparatively low price, is, to say the least, very 
questionable. 

Some rags, again, which from the standard of 
cleanliness may not require a large proportion of soda, 
will often be found to be greatly improved by using 
a little extra per hundredweight, especially when the 
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fibres are harsh. The softening which is thus ob- 
tained will make itself apparent in producing a closer 
and more evenly felted sheet. 

With regard to the economy of using low quality 
rags for papers in which a good colour is indispens- 
able, it has been shown, as the result of very exhaustive 
experiments carried out by Messrs. Wiirster and Zugler, 
that bleached half-stuff from cheap rags is in the end 
much more costly than that obtained from the better 
qualities, notwithstanding the great difference in the 
price. As much as 18 per cent, of loss was found in 
the boiling and washing of such materials. 

Some paper-makers prefer to boil their stock with 
lime, in place of caustic soda, and this is especially 
the case in America. For the better qualities of paper, 
however, its use is attended with very serious draw- 
backs, A larger proportion of lime than is actually 
necessary to reduce the stock must always be used, 
and as this excess must be properly washed out of the 
rags before bleaching, both time and water are thus 
consumed. 

Gritty matters, such as sand and coal-dust, are in- 
variably present, even in the best qualities of lime, 
and these are apt to become fixed in the fibres in such 
a way as to render their complete removal a matter of 
some difficulty. 

Lime, as is well known, is but sparingly soluble in 
cold water, and still less so when the water is heated. 
One part of lime requires seven hundred parts of cold 
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water to dissolve it, and fifteen hundred parts when 
the temperature is raised to boiling point. 

During the boiling process, however, a much larger 

« 

quantity is dissolved than would appear possible at 
first sight. As the dissolved lime enters into combi- 
nation with the non-cellulose portion of the stock, the 
water becomes capable of dissolving a further quantity, 
and so the dissolving action is repeated until all the 
fatty and resinous matters have entered into combi- 
nation with the lime. 

In preparing coarse, dirty stock, such as jute and 
the lower grades of flax, in the subsequent application 
of which a high degree of cleanliness is not of the first 
importance, lime may be used with advantage, both on 
account of its cheapness and its reducing qualities. 

In selecting a lime to boil with, it should be borne 
in mind that grades showing the same percentage of 
actual lime do not always produce a uniform result in 
treating the stock. Lime which is light to handle, 
of a uniformly white colour, and which slacks easily, 
seems to possess greater reducing power than a dull- 
coloured, heavy lime, as less of it is required for 
boiling, and the pulp produced has a softer feel. 

Caustic lime when exposed to the atmosphere quickly 
absorbs carbonic acid, and the carbonate of lime thus 
formed, in addition to possessing no boiling power, 
is very liable to cause serious complications in the sub- 
sequent operations by adhering to the fibres even after 
much washing, and is frequently the source of the spots 



which at times appear so unaccountably on the machine 
wire. 

Stationary boilers are very suitable for the finer 
grades of cotton and linen rags, but for coarse, dirty 
stock the rotary action of the revolving boiler is of 
advantage, as the shaking thus given to the stock has 
the effect of loosening the dirt. For this reason it is 
usually employed for such materials. It is an addi- 
tional advantage if the boiler can be fitted with a system 
of pulleys, which will enable the revolving action to 
be quickened during the washing which follows the 
running off of the spent liquor. 

Jute Boiling and Bleaching;.— Jute is a material which, 
on account of its strength and cheapness, would receive 
much more extensive application in the manufacture 
of paper were it not for the almost insurmountable 
difficulties which lie in the way of producing from it, 
at a reasonable cost, a pulp of sufficient whiteness 
to be used in the making of fine papers. 

The chief difficulty in bleaching lies in the fact that, 
unless the boiling process has been conducted so as 
to ensure that all the incrusting matters have been 
dissolved, the amount of chlorine consumed before these 
incrusting substances can be effectively bleached 
more than counterbalances the low price of the raw 
material. Apart from the cost of bleaching, the use 
of such a large amount of chlorine tends to impair the 
strength of the fibres. 
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The methods of boiling and bleaching jute vary with 
the particular requirements for the papers to be pro- 
duced ; but in mills using a considerable quantity, lime 
is, on account of its cheapness, generally employed to 
effect the separation of the non-cellulose substances. 

Very good results are said to be obtained by boiling 
the jute with lime, under pressure, and then allowing 
it to stand, loosely stacked, in contact with the excess 
of lime that has been used in boiling. 

After standing for some time the jute is washed and 
again boiled, this time with soda-ash under atmospheric 
pressure. The bleaching is conducted in the usual 
way by means of the bleaching powder solution; but 
instead of running in the amount necessary at one 
time, it is run in in small quantities, and before each 
supply is added the contents of the engine are tested 
by potassium iodide and starch papers, to ensure that 
all the chlorine has acted on the incrusting substances. 
In this way the fibres are said to be better preserved 
in their original strength. 

In continental mills, where the old method of gas 
bleaching is still in vogue, jute is sometimes subjected 
to a preliminary bleaching by means of chlorine gas, 
before being bleached by the bleaching powder solu- 
tion. The following method is said to produce a very 
satisfactory pulp. 

The jute is boiled with a solution of milk of lime, at 
a pressure of about twenty-two pounds per square inch, 
for ten to twelve hours, the weight of lime used being 
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about 15 per cent., calculated on the raw material. 
After draining and washing the boiled jute is passed 
through a centrifugal machine and so freed from 
moisture as to be readily acted on by the chlorine gas, 
which is the next feature of the process. 

The chlorine gas is prepared in the usual way from 
hydrochloric acid and black oxide of manganese, and 
great care is taken that none of the hydrochloric acid 
finds its way into the bleaching chamber, otherwise 
the pulp would be rendered less strong. The jute is 
stacked in such a way as to be readily permeated by 
the gaseous chlorine, and is allowed to remain under 
its influence until the colour of a sample drawn out 
shows that it is about three-quarters bleached. 

After lifting, the partially bleached jute is washed in 
the potcher with water containing a I per cent, solu- 
tion of ammonia soda, which serves to dissolve the 
yellow chlorine compound that has been formed by the 
action of the gas on the incrusting substances. This 
washing completed, the stack is bleached in the usual 
manner with from 6 to 8 per cent, of bleaching 
powder solution. The amount of time and handling 
necessary for such a method as that described would 
lead to the supposition that it is very doubtful if, in the 
end, such methods pay. 






CHAPTER III. 

WET PICKING. — WASHING, BREAKING, AND 
BLEACHING. — ELECTROLYTIC BLEACHING. 
—ANTICHLOR. 

Wet Picking. — It is the practice in most mills to 
subject the boiled rags to another overhauling, or " wet 
picking," as it is usually termed. The idea of this is 
to insure the removal of any buttons, pieces of india- 
rubber, or other unsuitable materials which may have 
been overlooked in the rag-house, or have become 
apparent through the action of the soda, before the 
treatment in the washing engine renders their detection 
and removal so difficult as to be almost impossible. 

Washing, Breaking, and Bleaching. — These three 
operations are usually conducted in the same engine. 
The washing is generally accomplished by means of 
a drum washer, which is perhaps the most effective 
and time-saving method that has as yet been adopted 
for rags. The clear water should be run in so that 
it may mix with the rags before they come under the 

17 2 
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roll, and the drum should be placed so that it may 
rest on the rags just as they have rounded the end of 
the midfeather on the return journey. This is not so 
near the roll as to run the risk of lifting the finest 
fibres brought to the surface by the agitation, nor yet 
so far from it as to allow the dirt to settle down on 
the rags again. 

The way in which the washing is conducted deter- 
mines, within certain limits, the percentage of loss 
caused by the finest fibres passing away with the 
washing water through the meshes of the wire cover- 
ing of the drum. Until the dirt has been freed from 
the interstices of the rags the roll should simply brush 
them, and thus by opening them up assist the water in 
carrying the dirt away. If the roll be put down to a 
hard grip before the dirt has been loosened it is almost 
impossible to wash them clean; and further, it has the 
effect of making the stuff short and free, or fast, as 
some prefer to call it, thus in a large degree impairing 
the strength. 

There are two conditions indispensable to the pro- 
duction of strong, flexible, clean half-stuff — namely, 
dull tackle and plenty of time. To obtain a rag at its 
full strength, the breaking must not be carried further 
than is necessary to break up the fabric. When that 
is accomplished the roll should simply brush out the 
half-stuff, so that it may be strengthened by the 
milling, and yet kept as long as possible consistent 
with being "out of the rag." This can only be ob- 
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tained by having blunt plates and rolls. The bars in 
the plate are usually tapered away to one-eighth of 
an inch. 

If the roll or the plate be too sharp, or too quickly 
brought together, the fibres, instead of being drawn 
out, will be cut, and rendered so free that they will 
not soften, even when allowed to mill for five or six 
hours. Thread and strong rags cut with the rag- 
cutting machine are very liable to gather into lumps 
before the roll, and to enable them to travel they 
have to be gripped more firmly at first than would 
otherwise be the case. When they have begun to 
travel the roll should be raised to a pitch which will 
not reduce them too much. 

When the colour of the water leaving the drum 
shows that the dirt or colouring matter is well washed 
out, a good plan is to allow the drainings from the 
bleaching-house tanks to run on the rags for some 
time, still keeping the drum in action. When not used 
for this purpose the drainings may, with advantage, be 
used to dissolve fresh quantities of bleaching powder. 
When the dirt or colouring matter has been com- 
pletely washed out, the drum should be raised and 
the bleaching solution run in. If it should happen 
that the bleach is added before the washing is com- 
pleted, the dirt will become fixed on the fibres in such 
a way that no subsequent washing will serve to take 
it out. 

Bleaching powder, or chloride of lime, is made by 
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saturating slaked lime with chlorine gas. When the 
compound thus obtained is dissolved in water, bleach- 
ing liquor, consisting of chloride and hypochlorite of 
lime, is formed, while the calcium hydrate is left as 
the lime mud. Chlorine gas in the dry state possesses 
no bleaching properties, but in the presence of moisture 
it decomposes the water, taking up the hydrogen to 
form hydrochloric acid and liberating the oxygen. 

The oxygen thus set free has powerful oxidising 
properties, which are rendered the more active from 
its being in what is technically known as the nascent 
state. It attacks the vegetable colouring matters, and 
by destroying them imparts the white shade charac- 
teristic of bleached stock. 

The old method of gas bleaching depends on this 
direct action of the chlorine gas when brought into 
contact with the wet half-stuff. Unless under ex- 
ceptional circumstances, bleaching powder has quite 
superseded the gas-bleaching method. 

This is due to the facility with which it can be 
applied, as well as to the increased yield of pulp ; a 
much larger proportion being attacked and destroyed 
by the chlorine gas than is the case when the less 
drastic action of the hypochlorous acid of the bleaching 
solution is employed. 

When the materials to be bleached are more than 
usually dirty or high-coloured, heat is often used to 
assist the action of the bleach in producing a good 
colour. Great care must be taken to see that the 
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temperature does not exceed 90 Fahr., otherwise the 
stuff will be shortened, and the colour obtained will 
go back, especially if allowed to lie for any length of 
time before using. 

Another method of obtaining a good colour is to 
add to the stock, while in contact with the bleaching 
solution, an agent which will, by decomposing the 
bleach, render it more effective. Sulphuric acid is 
often employed to do this, and, within certain limits, 
it has the desired effect. Its use is, however, attended 
with the serious drawback that if it be added in excess 
chlorine will be liberated. This chlorine attacks the 
fibres and weakens them. When only a small quantity 
of sulphuric acid acts on the bleaching solution, hypo- 
chlorous acid is liberated. 

Hypochlorous acid is decomposed and yields its 
oxygen very easily, and in so doing is reduced to 
hydrochloric acid, which acts less injuriously on the 
fibres than chlorine. 

Sulphate of alumina may be used with better results 
in preserving the strength of the fibres, probably due 
to the fact that the action being less violent there is 
less tendency to liberate the chlorine. 

Professor Lunge uses acetic acid to gain the same 
end, and he claims that there is no impairing of the 
strength of the fibres as is the case when chlorine is 
liberated, or even when the hydrochloric acid, which 
is formed from the decomposed hypochlorous acid, 
remains in contact with the stock. On adding acetic 
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arid to the engine, the bleaching solution is decom- 
posed with the formation of hypochlorous acid and 
acetate of lime. 

The hypochlorous acid gives off its oxygen, becoming 
reduced to hydrochloric acid, which in the presence of 
the acetate of lime immediately acts on it, regenerating 
acetic acid and calcium chloride. It will thus be seen 
that only a very small quantity of acetic acid need be 
used, owing to its continuous regeneration. 

Another feature of importance is that the hydro- 
chloric acid does not remain long enough among the 
stock in the free state to do the fibres any injury. 
In the case of rags, which have been imperfectly 
washed and thus retain a large proportion of alkali, 
it is recommended that a less expensive acid, such as 
sulphuric, be used to neutralise the alkali before adding 
the acetic acid. 

In bleaching rags containing even a small proportion 
of jute, no auxiliary agent which has the effect of 
liberating chlorine should be used. If jute be treated 
with chlorine a characteristic yellow compound will be 
formed, and it is the formation of this yellow body which 
is the cause of the fading in the colour of jute con- 
taining stock when such agents as sulphuric acid or 
sulphate of alumina are used to assist in bringing up 
the colour. 

Dr. Lunge claims that acetic acid may be added to 
the engine before the bleach is run in ; but with the 
other agents the best results are obtained by adding 
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them to the pulp after the bleaching solution has 
become somewhat exhausted. 

When using steam it is better to allow the bleach 
to become thoroughly mixed before heating it The 
amount of bleach required to give a good colour varies 
with the quantity of dirt or colouring matter to be 
destroyed, and the treatment which the material has 
received in the boiler. Imperfectly boiled stock always 
consumes a much larger proportion before coming to 
a good colour. 

Clean cotton and linen rags will require from 1 to 
2 per cent, calculated on the dry bleaching powder, 
while the coarser grades will require 5 to 6 per cent 
The addition of a little alumina or sulphuric acid to 
the better grades of cotton and linen rags has the 
effect of killing the black threads often present 

It is very important that the bleaching solution be 
maintained at a uniform strength, otherwise the colour 
will not be regular in shade. A solution which stands 
6° Twaddle contains about half a pound of bleaching 
powder to each gallon. Bleaching powder seldom 
contains more than about 35 per cent available 
chlorine, which is equivalent to saying that only 
35 per cent of the weight of the powder dissolved 
has the power of bleaching the stock. 

Owing to the amount of calcium chlorate present in 
some bleaching powders, the available chlorine does 
not exceed 25 to 28 per cent Calcium chlorate pos- 
sesses no bleaching power, and even in the best grades 
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of bleaching powder the lime mud often retains a 
considerable amount of chlorine. In storing the powder 
prior to dissolving, it should be kept as cool as pos- 
sible, as it is very liable to be decomposed with the 
formation of unavailable calcium chlorate if the sur- 
rounding atmosphere is heated. 

The most suitable vessel in which to conduct the 
extraction of the chlorine is a circular iron tank fitted 
with a mechanical agitator, so as to insure that all the 
powder may come into contact with the water. As 
chlorine is so liable to be decomposed by the action 
of light, the vessels should be fitted with a covering 
so as to exclude it as much as possible. A con- 
venient size of mixer is one which will contain about 
7 cwts. of bleaching powder and 900 gallons of 
water. 

The agitation should be kept up for at least two 
hours, and the time allowed for settling should not be 
less than seven or eight hours, as a muddy solution 
is much less active than one which is clear, besides 
leaving a deposit of lime on the fibres, which is liable 
to cause unevenness in the subsequent sizing opera- 
tion, and to cause the spots which, at times, are such 
a nuisance in the machine wire. 

After the first liquor has been run off, the tank 
should be filled up again with water or weak liquor 
drained from the bleaching house tanks, and the 
agitation and settling conducted as with the first 
extraction. A third liquor may be taken off and used 
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either for bleaching or for extracting a fresh supply 
of bleaching powder. A sufficient number of mixers 
should be used as to admit of running off a first and 
a second liquor together, and a third also, if it is to 
be used for bleaching, otherwise the strength of the 
solution as used at the potcher will not be uniform. 

By draining the lime mud and using the liquor thus 
extracted, either to dissolve fresh powder or to mix 
with the bleaching solution, if it be sufficiently clean 
and of uniform strength, a very considerable amount 
of bleaching powder may be saved, espec ally in mills 
where the consumption is a large one* 

Electrolytic Bleaching. — Within the last few years 
a great many experiments have been tried, with a view 
to superseding the expensive bleaching powder, by 
making use of the electric current to set free the 
oxygen contained in water, and thus make it available 
for bleaching purposes. It is well known that the 
oxygen generated from water by electrolysis has the 
power of decomposing colouring matters. The chief 
difficulty in the way of using the oxygen thus liberated 
lies in the fact that, though the incrusting matters are 
certainly removed from the fibres, they are liable to 
assume a brown colour on entering into combination 
with the oxygen. This brown colour can only be 
removed by using chlorine to decompose and bleach it. 

Another method of bleaching without the use of 
chlorine, which, however, is still in the experimental 
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stage, consists in treating the stock with ozone, or, as 
it may be termed, "active oxygen." When an electric 
spark is passed through a jar containing air, it is found 
that the oxygen present has acquired much stronger 
oxidising properties. The oxygen which has under- 
gone this change has been named ozone, and possesses 
much more effective bleaching power than ordinary 
oxygen. 

In bleachti g with this agent the oxygen, which has 
been in contact with the electric sparks, and thus 
contains a larger proportion of ozone, is led by a pipe 
to the bottom of the vat in which the stock to be 
bleached is placed. In its upward passage through 
the stock this ozonised oxygen is said to destroy the 
colouring matters so effectively that its advocates claim 
it to be 70 per cent, cheaper than the use of bleaching 
powder. 

In another class of processes the electric current is 
made use of to render cheap chlorine compounds, 
such as chloride of magnesia, available for bleaching 
purposes by liberating the chlorine contained in them. 
The process which has, by reason of its practical 
application, claimed most attention from paper-makers 
is that of M. Hermite. The bleaching solution used 
in this method is obtained by decomposing a 5 per 
cent, solution of magnesium chloride by means of an 
electric current. 

As the decomposition proceeds, magnesium and 
hydrogen are given off at the negative pole, while the 
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chlorine and oxygen go to the positive. The chlorine 
takes up the oxygen to form hypochloric acid, which 
is in turn decomposed with the formation of chlorous 
and chloric acids. As these acids yield their oxygen 
to bleach the stock, magnesium chloride is again formed 
and again decomposed as before, thus making the 
process continuous. 

The loss in chemicals is made up by the addition 
of fresh quantities of the magnesium chloride. The 
bleaching solution prepared in this way is said to 
possess greater bleaching properties than a solution 
of bleaching powder containing the same percentage 
of available chlorine. 

It is the practice in some mills to run the bleached 
stock into large chests fitted with perforated bottoms, 
through which the weak liquor is allowed to drain. 
In mills where a large stock is kept the rags may lie 
in the bleaching-house for weeks, and while it is quite 
true that the colour will come up, owing to the action 
of the sunlight in decomposing the chlorine compounds 
remaining in the stock, yet, if the exposure be too 
long, the colour will go back, and in addition the rags 
will become tender, owing to the formation of the 
oxy-cellulose by the action of the oxygen of the air 
in the presence of light. 

This tendering and fading will be more apparent 
if auxiliary agents, such as sulphuric acid or sulphate 
of alumina, have been used in bleaching; and stock 
which has lain for a considerable time, especially if 
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sulphuric acid has been used, will often be found to 
have taken on a pinky tinge. 

These drawbacks to the use of a bleaching- house 
have led some paper-makers to discard it altogether, 
and to run the lags straight from the breaking engine, 
in which the bleaching has been conducted, to the 
beater. 

When this is done more bleach is required to give 
the same degree of whiteness, and owing to the 
presence of an increased amount of bleach in the un- 
drained rags, a larger quantity of antichlor is rendered 
necessary to neutralise the chlorine than is the case 
when they have been allowed to drain in the bleaching 
house tanks. The ordinary grades of cotton and linen 
rags will he found to be at their best, both as regards 
whiteness and strength, after having lain for twenty- 
four hours in the bleaching house. 

Antichlor. — Whether the stock has lain in the bleach- 
ing-house or has come direct from the washer, it retains 
chlorine to such an extent that the latter must be 
neutralised; otherwise its presence will act injuriously 
on the fibres, besides seriously complicating the re- 
actions on which the sizing process depends for its 
efficacy. 

The two forms of neutralising agents, or "antichlors," 
as they are termed, most commonly used are hypo- 
sulphite of soda and sulphite of soda. When hypo- 
sulphite of soda is employed, the reaction which 
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takes place may be represented by the following 
equation : — 

2 Ca CI, O, + Na, S, O a + H, O = 2 Ca S0 4 + 2 H CI + 2 Na CI. 

which shows that the bleaching solution remaining in 
the pulp is decomposed with the formation of calcium 
sulphate, sodium chloride, and hydrochloric acid. 

The formation of the last-named constitutes a draw- 
back to-the use of this agent, as, apart from its injurious 
action on the pulp, the acid tends to eat into the 
machine wire and so shorten its life. This latter 
action, however, is not so injurious as is commonly 
supposed, as the writer knows a machine the wires 
on which, though carrying nothing but rag stuff treated 
with the hyposulphite, run for thirteen and even four- 
teen weeks. 

When using it great care must be taken to avoid an 
excess, as, though not generally suspected, the reason 
why so many photographs become stained and spotted, 
even when not exposed to the action of light and air, 
is that an excess of hyposulphite of soda has been used 
in the engine, the presence of which in the cardboard 
used for mounting has caused the discoloration. 

A glance at the following equation will show that 
when sulphite of sodium is used none of the resulting 
compounds will have any injurious effect either on the 
paper or the wire : — 

Ca O Cl, O + 2 Na, SO a = Ca S0 4 + Na 2 S0 4 + 2 Na CL 

Should an excess of sulphite of soda be used in the 
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making of photograph mounts, it is asserted that no 
bad results will ensue, and the same applies to all 
colouring or toning. These reasons have led many 
paper-makers to adopt it in preference to the hypo- 
sulphite. It should be borne in mind, however, that 
it takes about four parts of the sulphite to do the work 
done by one part of the hyposulphite. 

When using rags the best plan to ensure the com- 
plete neutralisation of the chlorine, without using 
an excess of antichlor, is to supply the beater-man 
with a bottle of potassium iodide and starch solution, 
with instructions to put in one-half of the usual amount 
of antichlor while running in the water, and after the 
rags are furnished, gradually to add the remaining 
half until the blue stain produced on the addition of 
a drop of the testing solution to the pulp has grown 
faint and finally disappeared. To make this test satis- 
factory it should be performed before the addition of the 
alum, otherwise it is not so much to be depended upon. 

No doubt all this attention means extra work for 
the beater-man, but there are few beater-men who, if 
the foreman will but spare the time to explain what 
the neglect of the precautions may lead to, will not 
gladly give the attention necessary. Such care will 
not only ensure satisfaction to the purchaser, but will 
also save the beater-man a considerable amount of 
trouble, in giving a more uniform shade, and guarding 
against the unaccountable rises and falls in colour 
which are of so frequent occurrence in some mills. 



CHAPTER IV. 

CELLULOSE FROM WOOD.— MECHANICAL WOOD 

PULP. 

Cellulose from Wood. — Comparatively few paper- 
makers in this country prepare their own wood pulp, 
most of the supply being obtained from the Swedish and 
Norwegian pulp mills. A knowledge of the principles 
on which the different processes for obtaining the 
cellulose are based, and the effect of the treatment on 
the pulp produced, is, however, indispensable to the 
paper-maker, that he may be able to determine which 
pulp is most suited to his particular requirements. 

Wood, like jute, belongs to the class of ligno-cellu- 
loses, and is composed of about two parts of cellulose, 
intimately bound up with one part of non-cellulose or 
lignin. The processes employed to break up this 
combination may be classed under three heads. First, 
the alkali process, which takes in the methods depend- 
ing on the use of caustic soda. Second, the acid 
process, under which may be arranged the various 

3* 
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methods based on the reducing action of sulphurous 
acid in the gaseous or liquid state. 

Midway between these two classes stand those of 
Dahl, Blitz, and Cross, the former of which employs 
a solution of sodium compounds containing a large 
percentage of sulphate of soda, and is known as the 
sulphate process. The process patented by Cross, 
mainly with the idea of rendering the use of lead- 
lined boilers unnecessary, while depending on the 
action of neutral solutions of the bisulphites provides 
for the use of alkalies. The boiling in Blitz's process 
is conducted by a solution of sodium sulphide, to 
which is added a very small proportion of vanadate 
of ammonia. 

Whatever may be the process employed to produce 
the cellulose, the wood must first undergo a preli- 
minary mechanical treatment in order that the pulp 
may be of a uniform character. The trees are first 
sawn into small logs, which are then stripped of the 
bark and cut into boards by passing through a slitting 
machine. The knots are next bored or cut out, and 
the boards broken into small chips by a breaking 
machine. The chips are then passed under heavy 
rollers, which bruise them in such a way as to allow 
the boiling solution to thoroughly soak them, and 
finally passed along revolving screens through which 
the dirt and dust, set free by the crushing, escape, 
while the clean chips are carried on to the boiler or 
store house as they may be wanted. 
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The caustic soda process of Watt and Burgess may 
be taken as the typical alkali method of isolating the 
wood cellulose. In this process the wood, having been 
subjected to such a treatment as that described, is 
digested in a large boiler with a strong solution of 
caustic soda, under a pressure of about ninety pounds, 
for ten or twelve hours. It is the necessity for em- 
ploying such high temperatures and pressures that 
constitutes the serious drawback to the alkali pro- 
cesses, as under the conditions of boiling the strong 
caustic solution acts on the cellulose, impairing the 
strength and reducing the yield. The reason why 
such conditions are necessary is, that the soluble acid 
bodies resolved by the caustic become so oxidised and 
condensed that they counteract and weaken the reduc- 
ing action of the soda, and in order to equalise their 
resistance higher temperatures and pressures have to 
be employed. 

It is with a view to prevent the oxidisation of these 
acid bodies that the soluble bisulphide of sodium is 
used by Dahl. Notwithstanding the presence of this 
reducing agent, the pressure employed is high. It is 
in doing away with these counter-influences that the 
chief advantages of the acid processes lie. By using a 
solution of a bisulphite, such as lime or magnesia, the 
acid bodies are removed by entering into combination 
with the base, at the same time setting free the sul- 
phurous acid, which acts on the unresolved wood, until 
all the non-cellulose substances have been removed, 
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In Ekman's process the wood is digested in a large 
lead-lined, jacketed boiler, fitted so as to revolve when 
desired. The solution used is prepared by passing 
sulphurous acid gas, produced from burning sulphur 
in a stream of air, up through a tower in which the 
magnesia, with which it combines to form the bisul- 
phite, is loosely spread out. A stream of water, 
running down through the tower, meets the sulphurous 
fumes in their upward course, and carries them into 
solution. 

Care is taken that the sulphurous acid and magnesia 
are kept at the proportions necessary to produce a 
double sulphite. The strength of the bisulphite solu- 
tion thus obtained is about one-and-a-half per cent, of 
magnesia and four-and-a-half per cent, of sulphurous 
acid. When the steam is turned on, the pressure in 
the inner chamber increases with greater rapidity than 
in the outer, owing to the tension of the sulphurous 
vapour ; but it is said that the best results are obtained 
by keeping the difference between the two pressures 
under thirty pounds. 

As the pressure increases, the blow-off cock is 
opened that the gases may escape, and thus avoid 
over-heating and consequent discolouring of the wood. 
In about seven or eight hours the pressure reaches 
eighty-five to ninety pounds, and after about three 
hours' boiling at that pressure the action is stopped, 
and the wood, after washing and draining, is ready to 
be bleached. 
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In the Partington process the sulphurous gas is led 
into tanks containing milk of lime, and a bisulphite of 
lime solution at once obtained. By this method the 
boiling can be completed in from sixteen to eighteen 
hours, though in some cases, when increased pressure 
is employed, the time required is a little less. 

While the principle underlying the various sulphite 
processes is the same in each case, they are divided 
into two classes, owing to the duration, or rather the 
differences which exist in the duration, of boiling. In 
what are termed the " quick " processes, the boiling 
is completed in from twelve to sixteen hours. To 
accomplish the complete separation of the cellulose and 
the non-cellulose substances in that time, a strong acid 
solution, at a high temperature, must be employed. 

In the Mitscherlich process the solution used is 
much weaker, and contains a greater proportion of 
base. The result is that the boiling must be extended 
from forty to sixty hours, and the pressure is also 
much lower. By this latter treatment it is claimed that 
a larger percentage yield is obtained than by the quick 
methods of boiling. It is, however, difficult to see 
where this increase can come from, unless the incrust- 
ing substances are imperfectly removed, and so add 
to the weight of pulp produced. If this is the case it 
will soon make itself known by the increased amount 
of bleach necessary to give a good colour. 

Wood and jute show a close analogy in chemical 
composition, and the difficulty experienced in bleaching 
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wood, from which all the incrusting matter has not 
been removed by the boiling, is due to the formation 
of a yellow chlorine compound similar to that produced 
when chlorine acts on jute. This yellow body must 
first be bleached before the cellulose is brought to a. 
good white colour, and the amount of chlorine neces- 
sary to do this acts very injuriously on the fibres. 

This weakening is also noticeable in highly bleached 
sulphite pulps ; and though the degree of whiteness 
obtained, by using a large amount of bleach, makes 
such pulps suitable for the better qualities of paper, it 
is obtained at the sacrifice of much of the original 
strength and elasticity of the fibres. 

Though Dahl's process is generally known by the 
term "sulphate," the solution employed to digest the 
wood contains other sodium compounds. It is prin- 
cipally composed of sodium sulphate, sodium sulphide, 
and sodium hydrate, and the strength of the recovered 
solution is maintained by the addition of fresh quan- 
tities of sodium sulphate. This process is said to 
possess a slight advantage over the caustic alkali 
methods in point of economy; but it is the general 
opinion among paper-makers that the pulp produced is 
inferior in strength, and less free from incrusting sub- 
stances, than that obtained from the sulphite processes. 
Owing to the presence of these incrusting matters 
sulphate wood is, however, more suitable for the 
making of papers which are wanted opaque. 

During recent years the demand for " sulphate " 
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pulp has increased largely, owing to the development 
of "Kraft" brown papers, which have entirely super- 
seded certain classes of browns formerly used for 
wrapping purposes. The remarkable development of 
the Kraft brown branch of the trade is due to the 
fact that the Scandinavian makers were quick to realise 
the possibilities of pulp specially cooked to give the 
required characteristics. 

In order to produce a pulp suitable for the Kraft 
papers, the boiling is conducted so as to ensure that 
encrustating matters are not fully resolved, with the 
result that the fibres are not injured, and retain their 
original strength in a marked degree. 

It is a matter of much discussion among British 
paper-makers as to whether the characteristics obtained 
in the finished sheet are the result of the methods of 
boiling or the manner of beating, but it is probable 
that they are due to a judicious combination ; and the 
fact remains that, notwithstanding painstaking ex- 
periments on the part of British makers, no Kraft 
yet produced in this country combines the crispness 
and elasticity which form so distinctive a feature of 
the Kraft papers produced by the best Scandinavian 
mills. 

Another theory held to account for the superiority 
of the Scandinavian product is that the change in 
physical properties resulting from the action of the 
hot cylinders of the pulp machines, when the pulp is 
dried previous to being shipped, constitutes a serious 
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drawback to the production of strong, tough paper. 
With a view to overcoming this defect some British 
makers have shipped sulphate pulp containing 50 per 
cent, moisture; but notwithstanding that this pulp 
was specially prepared with a view to produce Kraft 
papers, the results cannot be said to have justified the 
increased cost incurred. It would seem that, owing 
to the presence of the by-products in the boiled pulp, 
the time allowed to elapse between the finish of the 
cooking and the beating or milling operation must de- 
termine to a large extent the properties of the finished 
product. Apart from such considerations as to boiling, 
the ability of the Scandinavian makers to allow a 
considerable time for milling the pulp in kollergangs or 
beaters must always remain a very considerable asset 
in their favour for the production of a crisp, tough 
Kraft paper. 

A careful examination of the samples of the best 
Kraft papers will show that the individual fibres of 
the Scandinavian papers are much longer than those 
in the papers produced by British makers, and it is 
very probable that, even if the home maker could 
treat his pulp so as to retain the length of the fibres 
in the like degree, the product would be lacking in 
firmness and "rattle." 

It would thus seem that the well-known character- 
istics of the Scandinavian papers are the result of the 
exceptional conditions under which they are prepared; 
and having regard to the practically unlimited supply 
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of power at the command of the manufacturers at a 
nominal cost, it will be readily understood that the local 
conditions lend themselves in an exceptional manner 
to the requirements most desirable in the case. 

In a Scotch mill, making a speciality of its wood pulp 
papers, the wood is treated with a bisulphite of lime 
solution, prepared by passing the sulphurous fumes 
into a tower containing the limestone, through which 
a stream of water is kept running. With the solution 
thus obtained a charge of eight tons of wood is boiled 
in a large rotary boiler, under a pressure of 57 lbs., 
for seven hours, when the pressure is lowered for a 
few minutes by opening the blow-off valve and allow- 
ing the volatile compounds to escape, and again 
increased, this time to 80 lbs. This pressure is 
maintained for twelve hours. 

The boiled wood, after washing, is emptied into a 
large pit beneath the boiler, from which, after draining, 
it is lifted into boxes, pressed, and taken to the 
breaker, or washer, as it may more correctly be termed. 
After washing, by means of a drum, the wood pulp is 
emptied into a chest, from which it is pumped to flat- 
bottomed strainers similar to those used in connection 
with the presse-pdte. The strainer pulp is next run 
into the potcher in which the bleaching is conducted. 

After the wood has received a preliminary bleaching 
the washing-drum is let down, and the chlorine com- 
pounds, formed by the action of the bleach on the 
imperfectly removed incrusting matters, washed out- 
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purpose, both on account of its reducing and com- 
bining power. 

When esparto is treated with a hot solution of 
caustic soda, the gummy, resinous, and waxy sub- 
stances, together with the silica which forms the 
waterproof coating of the whole, are dissolved — the 
former as fatty and resinous soaps, the latter as 
silicate of soda. The percentage turn-out of winter 
cellulose will be less than of that cut in the summer, 
for this reason, that the winter cellulose will contain 
more moisture than the summer. This being so, 
it will require a smaller quantity of soda to boil 
with. 

Before purchasing a supply of esparto, or in fact 
any other paper-making material, a sufficient quantity 
should always be secured to admit of a practical test 
being made, so that the paper-maker may know 
whether the amount of available material contained 
is in proportion to the money he has to pay for it. 
A neglect of this precaution, especially in a mill 
where large quantities are used, may and does often 
mean the loss of a considerable amount of money 
in a year. 

After the bales of grass have been freed from the 
hoops or ropes with which they are held together, 
the small bundles are fed into the dusting machine, 
which breaks them up and dusts them at the same 
time. 

The endless felt which receives the dusted grass 
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from the fatty and soapy substances which still cling 
to them. 

After standing for some time, this first water, as it 
is usually termed, is also run to the roaster and the 
boiler filled with clean cold water, which is allowed 
to remain in contact with the fibres until it is required. 
When this last water is run off it may be pumped to 
the blow-off tank, there to be heated by the blow-off 
steam, and used as a first water for the next 
boiling. 

In some mills the grass is taken straight from the 
boiler to the potcher, where it is washed by means 
of a drum similar to that used for washing rags. 
Many paper-makers object to this method of washing, 
as a large proportion of the finest fibres are very 
liable to pass through the meshes of the wirecloth 
covering and be carried away with the washing water. 

Very good results, both for cleanliness and yield of 
fibre, are obtained when the grass is washed in a 
system of tanks connected together in such a way 
that the water after rising to the top of the one passes 
to the other, and so on to the end of the series. The 
motion of the water is so slow that sufficient time ia 
given to clean the grass without carrying away the 
finest fibres. 

When the grass in each chest is washed clean, the 
pipe connecting it with the next one is closed, and 
the water drained away through the perforated false 
bottom formed of iron plates. The grass generally lies 
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in the chest for twenty-four hours, but can be washed 
much quicker when required. 

Another system of washing, said to give very good 
results, is that of treating the grass in the boiler with 
cold water under pressure. The pressure is main- 
tained by a force pump, and the outlet is into a tank 
above the boiler. This water can be heated and used 
to wash the next boiling. 

In some mills the grass is washed in the boiler by 
blowing a blast of air into the water, and thus creating 
sufficient agitation to free the fibres from the non- 
cellulose substances which still cling to them. In this 
way a boiling can be well washed in four hours when 
the water is changed three or four times. The chief 
advantage of washing in the boiler lies in the saving ' 
of time and labour effected, as compared with the 
washing in tanks. 

When steam is used to aid in bringing up the 
colour great care must be taken not to overheat, or 
the strength will be impaired and the colour go back. 
Eight cwts. of grass, reckoned on the raw material, 
should be perfectly bleached in about 2 or 2\ hours 
with about 8 per cent, of bleach. 

The bleach should be run in with the water while 
furnishing, and when full the steam should be turned 
on. When the heat is up, which will be in about 
twenty minutes, it should be turned off. The steam 
cocks should be perfectly tight, as if they allow steam 
to pass when shut the grass will be in danger of being 

4 
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overheated, and this is especially so when it is left 
standing in the potcher for any length of time. The 
same care must be taken in using the antichlor, as is 
necessary with rags, that no excess be present. 

It is the practice in some mills to run the grass over 
the presse-pdle before bleaching, so that the wire may 
not be damaged by the acid set free when the antichlor 
decomposes the bleach. Unless the grass has been 
properly boiled, the roots and hard ends will not yield 
to the action of the bleaching solution, and owing to 
the hardness of the fibres they will not go through 
the plates of the presse-pdte strainer. 

Though the percentage of cellulose contained in straw 
is nearly as high as that from esparto, the yield of 
available paper-making material is not so high. Owing 
to the chemical and physical characteristics of straw, 
it requires to be boiled with a larger proportion of soda 
than is necessary for esparto. The compound cellulose, 
which constitutes the basis of the straw plant, contains 
a greater proportion of lignin than the esparto cellu- 
lose, and ligno-cellulose is much less susceptible to the 
reducing action of the caustic than pecto-cellulose. 

In addition to this, the knots must be so reduced 
in boiling that the bleaching solution will be able to 
saturate them without using an excessive quantity. 
The effect of this extra soda is that the finest fibres 
are liable to be carried away with the washing water, 
and thus the yield is often as much as 10 per cent. 
less than that from esparto 
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Straw is usually boiled in rotary boilers, as by using 
them the pulp is so reduced as to run through a pipe 
into the steeping tanks, and thus the lifting from the 
boilers is saved. The boiling pressure is also higher 
than for grass, fifty to sixty pounds being often employed. 

The boiled straw may be washed in large cement- 
covered tanks, and after draining be dug out and taken 
to the potcher to be bleached in the ordinary way. 
When it is to be used in the mill it may be run straight 
to the bleaching house to drain until wanted, but it 
is usually run over the presse-pdte in the same way 
as grass. 

Papers made from straw are, owing to the hard 
nature of the ultimate fibres, very hard and brittle. 
This want of flexibility is as much owing to the smooth, 
highly-polished surface of the fibres, as to their short- 
ness and stiffness. When 5 or 6 per cent, of good, 
clean straw pulp is used, the paper gets a firmer grip 
and rattle. 

Straw also helps the sizing, probably owing to the 
pores of the paper being filled up with the fine fibres, 
as much as to its hardness, but it is not suitable for 
papers which are wanted to bulk well. 
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It is an accepted principle that in order to produce a 
paper which will have strength and tearing strain 
the fibres must be kept long in the beater; and more 
especially does this apply to such thin papers as banks 
and loans. While it is quite true that long fibres do 
give these qualities to the papers made from them, it 
is also true that the fibres may be kept long and yet 
the paper produced possess less firmness and tensile 
strength than if they had been kept finer. 

Whether the fibres be long or short when they 
reach the machine, the properties of the paper made 
depend on the treatment they receive during the first - 
hour-and-a-half in the beater. If the roll be put sharply — 
down on the plate at first, the fibres, while still retaining 
their length, will become weakened, and the sheet will 
have a raw, soft feeling, which even the addition of 
more than the usual amount of starch will not over- 
come. 

Such stuff is generally termed "fast" or "free"; 
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and though for certain classes of papers, such as thick 
chromos and lithos, the thickness of which renders 
strength and firmness in the ultimate fibres a matter 
of less importance, free stuff is desirable, yet the 
beater-man should try to temper the stuff so as to 
preserve as far as possible the original strength and 
elasticity of the fibres. 

The rawness referred to is also very noticeable in 
papers made from esparto, to which have been added 
I or 2 per cent, of strong rags. In the beating of such 
stuff, especially if the paper be thin, the idea that 
length means strength is often so much developed that 
when the pulp reaches the strainer a large proportion 
of the rag stuff refuses to go through. 

A little consideration of the subject will show that 
the behaviour of the fibres under the influence of the 
shake, as they are carried along the wire, has a great 
deal to do with whether the sheet be strong or the 
reverse. If a sheet of thin paper be placed under the 
microscope, it will at once be seen that there exist 
between the fibres spaces which seem to be filled with 
some transparent non-fibrous material. 

The longer the fibres the more apparent do the spaces 
become, and, however minute, their presence must tend 
to weaken the sheet. When the fibres are a shade 
finer, the finest of them will, under the influence of the 
shake, settle down into these spaces, thus making the 
sheet more closely felted. 

This is the reason that, when using broke from the 
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so large a proportion of the loading is 
carried in comparison with the amount retained when 
no broke is used. Edgerunner broke is generally 
reduced to such a state of fineness consequent on its 
having been under the action of the roll so often that 
it floats on the surface when on the wire ; and in 
addition to the shake, the suction of the pumps tends 
to draw the very fine fibres which compose it into 
the spaces referred to. 

In filling up these spaces, not only do the fine fibres 
greatly assist in making a close and evenly felted sheet, 
but by their presence they also prevent the loading 
materials from passing through the meshes of the wire 
as they would otherwise be very liable to do. 

It is in the making of such papers as banks and 
loans that the ill effects of keeping the stuff too long 
become most apparent ; and this is especially the case 
if the strainer plates used for the ordinary fine stuff are 
expected to take through the long rag stuff equally 
well. 

The rubbing of the plates which is essential in such 
circumstances, in order to keep them from clogging up 
altogether, has the effect of completely spoiling what 
would under other conditions be a clean, strong sheet, 
by peppering it with dirt and knots. Only those who 
have had the working of such stuff can fully appreciate 
the improvement which a finer engine will make in 
regard to the appearance and strength of the sheet. 

It will be more mellow, strong, and clean, and not 
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least of the advantages derived will be the giving of 
more time to the machine-man to run steady weight, 
unhampered by the flooding and thinning which are 
unavoidable in such a case. 

In preparing stuff for thick papers, such as chromo 
and litho printing, the roll must be put down from 
the first, that the stuff may be fine and free, and so 
part with the water easily and give a close, evenly 
felted sheet. To insure that the stuff will not be too 
soft, it should not run more than three or three-and- 
a-half hours in the beater. 

Stock intended for thin, strong papers must be 
drawn out and milled in the washer for at least six - 
hours, and in the beater for ten or twelve hours— 
Blunt plates and rolls are necessary for the milling - 
of such stuff, as a sharp plate or roll would cut 
it up too much, and, making it free, prevent it from 
softening properly. 

In preparing long greasy stuff, intermediate beaters 
possess this advantage : that by having blunt plates 
and rolls in the first engine, the stuff is milled in such 
a way as to render the fibres long and flexible, and 
capable of imparting a soft, silky feel to the papers 
made from them ; while in the second engine they can 
be reduced to the required length when they are in 
such a condition owing to the first treatment that the 
cutting action of the sharper tackle will not impair 
their strength. 

Several engines having the same end in view are used 
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in American paper-mills ; and one of these beaters, or 
" perfecting engines," as they are termed, is becoming 
pretty well known to paper-makers in this country 
under the name of Marshall's perfecting engine. The 
author was running the machine to which it was 
attached when first tried in the mill where he served 
his apprenticeship, and had therefore a good oppor- 
tunity of judging its merits. 

The engine consists of a conical cylinder, the inside 
of which is fitted with steel bars in much the same 
manner as the bed-plate of the beating engine. 
Inside this cylinder a conical roll, also fitted with steel 
knives, revolves at a high speed, and as the stuff 
passes between the roll and the bars on the inside 
of the cylinder, it may be reduced to any degree of 
fineness. On reaching the end of the shell the stuff 
is made to pass between a revolving and a stationary 
disc, both of which are fitted with knives. 

The action of this disc or brush, as it is called, 
serves to rub out all knots and chips in much the 
same way as does the rubbing of the roll in the 
ordinary beater. This beater possesses all the advan- 
tages of the intermediate system, while requiring much 
less space and driving power compared with it. 

In the preliminary treatment necessary in the ordi- 
nary beater, before passing the stuff" through the 
perfecting engine, the roll should be let down to a 
little more than a rub— just sufficient to mill the stuff 
is all that is required. When emptying to the chest, 
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from which the perfecting engine is supplied, much 
less water must be put down than is usual when 
emptying to the machine chests; the reason for this 
being that the thicker the stuff is in its passage through 
the engine the better does it accomplish its work. 

As the pulp after passing through the engine flows 
into the machine chests in a continuous stream, the 
weight is more constant ; and when it does alter one 
way or another it does so very gradually, thus insuring 
that the machine-man will notice and correct it before 
it can have much effect on the sheet If the pulp 
contains a large proportion of grass, it should be 
diluted by running in a stream of water as it leaves 
the perfecting engine, and thus prevented from running 
into knots in the chest. 

When the stock consists of materials which are not 
fitted to bear the same beating strain, it is better to 
beat them in separate engines. Of course it is not 
always convenient to do this, especially when the pro- 
portion of strong or weak stock is small. To treat 
such a small proportion separately would keep back 
the other engines too long, in addition to changing 
the proportions in the finished sheet. 

In order to reduce good Spanish grass to fine stuff, 
it requires a firmer treatment with the roll than most 
of the rags which are mixed with it would get if treated 
in a separate engine, and this should be taken into 
account when selecting the rags to be used along with 
it When the stock consists wholly or in large pro- 
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portion of chemical wood, the engines must not be 
heavily loaded nor allowed to run long in the mill, as 
the wood is reduced very easily and soon becomes 
greasy. 

For medium weights of all wood-papers three hours 
is quite sufficient, and for the lightest weights eight 
hours. When it is especially desired that the paper 
should not crack when folded the time may be ex- 
tended to six hours ; but in that case the machine will 
have to go slower in order to allow of the water being 
taken out. Some wood pulps, however, are much 
more difficult to soften than others, and even after 
milling for a considerable length of time still tend to 
be free. This is in all probability due to the treatment 
in boiling or bleaching, or perhaps in both, having 
been too drastic, with the result that the natural 
elasticity of the fibres has been impaired. 

When making unsized papers it will be noticed that 
the sheet tears much better than a sized sheet from 
fibres of a similar fineness will do. This affords con- 
clusive evidence that, within certain limits, it is the 
flexibility and softness of the fibres, more than their 
length, that give tearing strain to a sheet. 

The unsized fibres are not coated with the resinate 
of alumina used to size with, and therefore retain their 
natural elasticity and tensile strength. When under 
the action of the shake the unsized fibres are more 
closely felted than would be possible were they 
stiffened by the size-coating, and this is more notice- 
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able if the sheet be torn across the wire instead of 
down its length. 

When a sheet of paper is torn the fibres are not 
broken, they are simply pulled asunder, and it is for 
this reason that it always "skins" better when torn 
down the wire than across its length. Stuff for 
blotting-papers must be cut up as quickly as possible 
in the beater, and run not longer than an hour and 
a half in the mill. The beater must be light loaded, 
and the stuff kept constantly travelling, otherwise it 
will not have a uniform absorbing-power. 

Soft cotton rags are generally the stock from which 
blottings are prepared. Manilla hemp, owing to its 
soft, lustrous nature, and the width of the central canal, 
should, with proper treatment, be possessed of good 
absorbing qualities. 

Whatever be the shape or size of a beater, it mu^t 
be so constructed that no stuff will lodge in any part 
of it, and for all-round work it must have a roll heavy 
enough to thoroughly soften the pulp and keep it in 
constant motion. If a beater of large capacity is 
desired, Forbes's patent double-roll beater possesses 
all the requirements, with the exception that the rolls 
are not heavy enough ; but with heavier rolls, and the 
speed of the lifter no faster than is necessary to ensure 
good travelling, the pulp produced will be of a very 
uniform character. 

It is the practice in some mills to wash the inside 
of the beating engines with soda ash, and even caustic 
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lye, when changing colours, with the result that the 
smooth skin, which coats the sides, is rendered quite 
rough. This roughness retards the passage of the 
pulp in a way that is almost incredible to those who 
have not witnessed its effects. Not only does such 
washing interfere with the travelling, but it is the 
worst thing possible for causing rust spots to appear 
in the paper. 

Under none but the most exceptional circumstances 
should the rolls or sides of the beaters be subjected 
to any washing or scraping which will tend to break 
up the enamel-like surface which, if let alone, the 
continual contact with the moving stuff, and the 
chemicals contained in it, will impart to them. Under 
the ordinary conditions of working, beater-rolls should 
run from eighteen to twenty months after filling, and 
bed-plates from ten to twelve weeks. 

Should the plates be worked for a longer period 
than that, the roll has to be put so firmly down, in 
order to make fine stuff, that the driving power is 
taxed to the uttermost, and, in addition, the stuff, from 
having to be kept a much longer time in the engine 
before it can be made fine, is very liable to become 
too soft. 

As a result of the increased demand for the cheaper 
grades of paper, consisting wholly or in large part 
of wood pulp, the tendency in beater construction has 
been towards the production of beaters of larger 
capacity; and no doubt, when it is possible to arrange 
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for long runs on one grade of paper, these large 
engines possess several distinct advantages. 

The colouring of a larger body of pulp at one time 
tends to regularity and the prevention of shades, while 
the pulp is much less apt to become too greasy, owing 
to the fact that it has much further to travel between 
each contact with roll and plate. The necessity for 
the production of free stuff which will allow of quick 
driving and a close even sheet has led several paper- 
making engineers to design beaters in which the roll 
is placed so as to be quite clear of the pulp, the latter 
being supplied in some instances by means of a screw, 
and in others by a circulating pump. Perhaps the 
most popular of these new types is that known as 
the " Hibbert " beater, which also combines the beating 
and refining, and has been largely adopted in mills 
making long runs on wood pulp papers. 

It must not, however, be assumed that, because for 
certain grades of wood pulp or esparto papers the 
newer type of beating engines offer advantages, the 
Hollander type has been rendered obsolete. The fact is 
that the tendency to specialise is becoming much more 
noticeable, with the result that makers, having proved 
that a certain type of beater suits the special papers 
to which they are turning their attention, are installing 
the particular beater when opportunity offers. 

The problem which confronts the paper-maker when 
called on to decide on the type of beater to adopt 
must depend for its solution on the special require- 
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merits of the paper he desires to produce, and the 
power at his disposal for beating purposes, together 
with the physical properties of the raw materials to be 
employed. In order to produce from, say, esparto, a 
pulp which would be capable of settling down quickly 
on the machine wire, and making, under the influence 
of a medium shake, a close, mellow paper — which, in 
view of economical production, must be turned out at a 
quick speed — -the roll and bed-plate bars would require 
to be somewhat sharp, in order to shorten the fibres 
sufficiently without rendering them so greasy as to 
retain the water too long on the wire. The circulation 
must also be well maintained, and for the preparation 
of such papers the new type of beater offers distinct 
advantages, as, with the independent circulation, it is 
possible to arrest the flow of the pulp when it is fully 
prepared, and thus avoid getting it too greasy. 

Most practical paper-makers will be ready to admit, 
however, that a beater which is eminently fitted for 
the production of fine, free stuff, will not of necessity 
produce as good results, even under skilful manipula- 
tion, when working on, say, chemical wood pulp for 
the production of a paper such as the thin Kraft 
papers, in which the indispensable requirements are 
toughness and flexibility, together with the mellow 
appearance characteristic of well-milled greasy stuffs 
from the Hollander type. 

Notwithstanding the degree of nicety with which 
the roll can be raised or lowered, and the means 
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thus at hand for regulating the superficial pressure 
exerted on the ultimate fibres as they pass between 
the bars of the roll and the bed-plate, the pulp produced 
with sharp bars is invariably weaker, and (though the 
ultimate fibres may be a fair length) lacks the greasy 
well-milled feel which is indispensable for the pro- 
duction of thin, tough papers. This inferiority is all 
the more noticeable should the stock consist of strong 
rags and wood pulp, as the already disintegrated wood 
fibres are too much cut up by the treatment necessary 
to open out the fibre bundles of the rags. It is well 
known that a light beater roll will draw out the fibres 
much better than a heavy one, but that, in order to 
produce equal results in the reduction of the fibres, 
the light roll will take longer time. The whole 
question really lies in the superficial pressure exerted 
by the roll, and with sharp bars the pressure is 
increased in proportion as the area of the bearing 
and cutting surface is reduced. 

For the production of the higher grades of writing 
and printing papers, in which the appearance is so 
important a factor, the best results will be obtained 
with bars about one-sixteenth of an inch on the face. 
This will be found to hold good whether the half-stuff 
consists of rags, esparto, or wood ; and as the demand 
for cheap, smart-looking papers seems to become more 
pronounced, such conditions are likely to govern the 
type of whatever innovations may appear in beater 
construction. It will be generally admitted that for 
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good all-round work the medium size of beating engine, 
carrying from 500 to 700 lbs. of stuff, is undoubtedly 
the best, although, as mentioned above, beaters of 
larger capacity possess certain advantages for long 
runs on one quality of pulp. 

While no hard-and-fast rule as to the conditions 
of the bars can with any safety be promulgated, it 
will be of material assistance to paper-makers who 
wish to determine the most suitable conditions of roll 
and bed-plate bars, for the treatment of any particular 
half-stuff, if they will set to work and find out the 
exact relationship which exists between the state of 
the bars and the amount of superficial pressure exerted 
between them when in contact with the stuff. To state 
the matter crudely, the smaller the area of the points of 
contact, the greater the pressure exerted on the fibres, 
and vice versa. 

With a view to testing the difference produced on 
wood pulp papers by beating the fibres under a low 
superficial pressure, the writer has substituted a solid 
block of granite for the usual bed-plate of steel bars, 
with excellent results. The experiment was first tried 
with a beater of the usual Hollander type, carrying 
from 450 to 500 lbs. of pulp, having a roll 42 inches 
on the face, with 72 bars drawn out to one-eighth of an 
inch on the face. The plate contained 26 bars, also 
one-eighth of an inch wide on the face. The granite 
block gave a bearing surface of 42 inches by 8 inches, 
and was hollowed out to suit the sweep of the roll, 
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with the result that the ultimate fibres were drawn 
out, as they were swept across the granite face by 
the action of the roll bars. 

By substituting the solid block the superficial 
pressure is thus reduced to about one-third, while the 
number of cuts per revolution of the roll is now 72, 
as against 1872 with the steel plate. 

The advantage gained in beating half-stuff) which 
already contains a sufficient number of short fibres 
to impart the desired firmness to the finished sheet, 
without the necessity of further shortening them, is 
very considerable. After a trial extending over a 
period of eighteen months, the net results of preparing 
stock, which is wanted long and tough, under the 
lower superficial pressure, and with the cutting power 
so much reduced, showed an increase of 30 per cent, 
in the strength and firmness of the papers produced, 
together with a very considerable increase in the turn 
out, due to being able to get the stuff out in a shorter 
time. Originally intended to draw out sulphite wood 
without cutting it, the method was tried experimentally 
on strong rag stuff, and with such good results that 
it was adopted for beating fibrous materials, such as 
strong cotton and linen rags, hemp, and jute. The 
increase of strength is most noticeable when the furnish 
consists of a mixture of fibres which present a variety 
of characteristics as to length and resistance to the 
knives, as the weaker fibres are not rendered too 
short before the stronger ones are sufficiently drawn 
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out. This increase in the strength of the finisher! sheet 
was so marked in one instance, that when the machine 
started up with the stuff prepared under the new con- 
ditions the paper was considered so much above the 
usual quality that an additional quantity of loading 
was added to bring it to the desired standard. 

Not the least advantage in wording the solid block is 
that the stuff from strong materials can be cleared much 
better; and though the individual fibres retain their 
original length in a much larger degree, this freedom 
from knots has the result of making thrm pass 
through the screens much more readily than fibres 
which have been cut short without being sulliriently 
drawn out and set free from the fibre bundles, as is 
often the case when long stuff is prepared with even 
moderately sharp tackle. When the block is made to 
fit the "den" exactly, it becomes a very simple matter 
to substitute a block for a plate, or vice versa, should 
the particular requirements of the paper it is desirable 
to produce render it advisable. Should the blocks 
become worn smooth, as they do in time, it is well 
to have them picked on the surface, as in this way 
they retain the stuif better, and the beating can be 
accomplished in shorter time. 

When tried against steel plates, the writer found 
that with rough blocks a better quality of paper could 
be produced in six hours than could be obtained in 
eight hours from steel plates. 



CHAPTER VII. 

LOADING.STARCH.— COLOURING MATTER. 

Loading. — It is not an uncommon idea with a great 
many people that, in adding loading materials to the 
paper in the process of manufacture, the paper-maker 
is actuated by a motive akin to that which prompts 
the dairyman to water the milk. 

Though the percentage of loading in some papers 
would seem to justify such an opinion, yet, as a rule, 
the loading is added with a distinct view to making the 
paper more suitable for the particular purpose to which 
it is applied. In the case of printing papers especially, 
the addition of 15 or 16 per cent, of loading, by 
making them more absorbent, enables them to print 
much better, and lessens in a considerable degree the 
friction when in contact with the types. 

The first thing that the paper-maker must take into 
consideration when selecting a loading material is that 
its chemical nature is such that when in contact with 
the free acids or chlorine compounds, liable to be 
present in the pulp, no chemical or physical change 
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will result. When that has been satisfactorily settled, 
the next requirement to be looked to is freedom from 
sand or coarse particles, which would tend to impair 
the value of the paper ; and lastly, the colour should 
be bright enough to blend with the shades of paper 
for which it is intended. 

Kaolin, or china clay, as it is usually termed, is 
the loading usually employed in the making of news, 
printings, and the lower qualities of writings. The 
clay is made into a thin cream with water, generally 
in a chest fitted with a revolving agitator, so that 
when furnished to the engine it will always be of 
the same consistency. Some paper-makers mix it 
with resin size, the idea being that in this way it is 
more firmly held by the fibres, and less liable to 
pass through the meshes of the machine wire. 

Before running into the beater it should be carefully 
strained, so that any sand or unground particles may 
be kept back. The sieves used for this purpose should 
be very fine, as even the best grades of clay contain 
a considerable proportion of extraneous matter. 

China clay, in addition to enabling the paper loaded 
with it to take up the printing ink more rapidly, helps 
materially in bringing up the surface when calendering,, 
though from its power of absorbing moisture the high 
finish thus obtained is liable to go back if exposed 
in a damp atmosphere. Should an excessive amount 
be added, or if it has been imperfectly strained, 
the pressure of the calender rolls will have the effect 
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of squeezing the coarser particles out and leaving 
the sheet pierced with innumerable very minute 
holes. 

The sizing and feel of clay-loaded papers are never 
so good as with papers loaded with such materials as 
pearl hardening or barium sulphate, nor do they bulk 
so well. Heavy chromo and plate papers often contain 
as much as 35 to 40 per cent, of clay; and though 
such a large amount is very apt to cause "dusting" 
in cutting and printing, the impression obtained is 
much more clear, and the colours are absorbed more 
rapidly, than would be possible with a smaller pro- 
portion of loading. 

For the better qualities of writing papers, the 
materials used are calcium sulphate, sulphate of barium, 
barium chloride, and agalite. 

Calcium sulphate — or pearl hardening, as it is usually 
named — is generally clean enough to be added to the 
engine without straining, and is added in the dry state, 
and owing to its firmer nature the sizing is much less 
impaired than with clay. In addition to its hardening 
properties, it imparts a purity of shade to the paper, 
which makes it very valuable as a loading for the 
finer qualities of writings, in which look is of the first 
importance. This brilliancy is also possessed by 
barium sulphate, but as it is not usually so free from 
dirt it is not so suitable for high-class papers. 

Barium sulphate, owing to its high specific gravity, 
is not carried so well by the stuff, and when diluted 
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to the consistency usual in the sandtrap, a large pre 
portion settles out and adheres to the bottom of the 
spouts. This, together with the amount which passes 
through the wire and is deposited on the bottom ot 
the save-all, reduces the percentage carried to about 
30 per cent, of the amount actually added. It should 
be mixed with water and strained before being put into 
the engine, otherwise a large amount of dirt will be 
carried into the paper. 

A paper, weighing equal to about 4olbs. demy, when 
loaded with clay to show 19 to 20 per cent, on 
burning, will carry as much as 85 per cent, of that 
added to the beater. Should such a paper consist of 
a large proportion of edgerunner broke, the amount 
carried will in some cases be as much as 90 to 95 
per cent. 

It must be borne in mind, however, that when 
edgerunner broke is used, the amount added to the 
engine will contain as much as 15 to 18 per 
cent, of clay firmly fixed on the fibres by the 
previous sizing and drying, so that the percentage 
of that added as clay, which is carried in the paper, 
is not so high as it at first appears. Heavy chromo 
papers burning 35 to 40 per cent, of clay will not 
carry more than 50 per cent, of the amount 
added. 

This is owing to the beating of the stuff, which is 
cut up very quickly and thus rendered very free, 
coupled with the fact that the machine wire in 
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travelling so slowly gives more time for the loading 
to be shaken through the meshes. The percentage 
of barium sulphate carried will seldom exceed 35 
per cent., while pearl hardening will usually turn 
out 50 per cent. It is claimed that by using 
chloride of barium, and adding a slight excess of 
alum or alumina, sulphate of barium will be pre- 
cipitated on the fibres in such a way as to enable 
them to retain it much better, and so increase the 
turn out. 

Agalite is the only loading material apart from 
ground wood which can claim to be more than a 
loading, on account of its fibrous nature. 

Agalite is prepared from asbestos, and retains the 
fibrous nature of that substance. Owing to this 
the loss in passing over the wire is much less, and 
indeed it is claimed that in ordinary circumstances 
as much as 99 per cent, is actually carried. By 
using agalite the surface is much improved, owing 
to its soapy nature, and the sizing is not impaired 
as with china clay. 

It has the drawback, however, of making the paper 
loaded with it very greasy, owing to the size having 
become fixed in the pores, and retaining the water 
very obstinately. 

Starch. — This is applied to papers in the process 
of manufacture for the same reason as it is used by 
the housewife in preparing collars and cuffs for ironing 



may 
of t 
mea 



■}2 PRACTICAL PAPER-MAKING. 

and glazing — namely, for hardening, and enabling 
them to resist the effects of moisture, as well as 
for imparting a high polish in the subsequent glazing 
process. 

In some mills it is the custom to boil the starch 
with the resinate of soda solution before adding it 
to the pulp, as in this way a larger percentage is 
retained by the paper. When applied in this way, 
the paper, though taking on quite as good a surface, 
has not the firmness and rattle obtained when the 
starch is added to the pulp in the dry state, 
or merely dissolved in cold water, that the impurities 
liable to be contained in it may be kept back by 
putting it through a fine wire-cloth sieve. 

Colouring Matter.— Notwithstanding the purity of 
colour that can be obtained by a judicious use of the 
bleaching solution, very few even of the finest qualities 
of white papers are made a " self-colour." The colours 
used for brightening or enriching the majority of 
cream coloured papers are ultramarine and carnation. 
In order to ensure uniformity of shade, a certain 
standard should be fixed for each of these colours ; 
and thus, by comparison, the colouring power of 
new brands which may from time to time be brought 
in can be at once determined. The standard sample 
may either be prepared by mixing a known quantity 
of the colour, decided upon as the standard, with a 
measured quantity of fine starch or pearl hardening ; 
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or by dissolving a small portion in hot water, and 
saturating narrow strips of white blotting paper 
with the resulting colour. 

By treating equal weights of the new samples in 
exactly the same manner, taking care always to 
preserve the same proportions when dissolving, an 
accurate idea of the relative colouring power can at 
once be obtained, and a short calculation, based on 
the amount of pulp coloured by the standard, will 
enable the papermaker to determine whether the 
colouring power of the new sample is in proportion 
to its cost. 

The behaviour of ultramarine — or, to use the best- 
known name, blue — with the alum solution used in 
the mill, should also be ascertained, by allowing a drop 
to remain in contact with a diluted solution of alum 
or sulphate of alumina for a sufficient length of time 
to show whether the colour would be affected during 
the contact necessary in the beaters, machine chests, 
and sizing tub. 

Blue should always be dissolved in hot water and 
carefully strained before adding to the pulp, so that 
no insoluble particles may be fixed on the fibres, 
and appear as blue specks on the under side of the 
sheet. To ensure that the colour will be uniformly 
distributed, when a considerable quantity is being 
used, half of the amount necessary should be put in 
just after furnishing, so that it may be thoroughly 
mixed, while the remaining half should be added as 
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soon as it has been ascertained whether any alter; 
tion is to be made. 

Pulp which has been left standing in the machine 
chests for any length of time will generally be found to 
have gone back in the colour when blue is the colour- 
ing matter used. This fading will be greater in pro- 
portion to the amount of acid contained in the pulp, the 
exposure to light to which it has been subjected, and 
the amount of iron impurities contained in the water or 
communicated from the rolls and sides of the beaters. 

In some mills the amount added, in order to counter- 
act this fading, when the pulp has been standing from 
Saturday night until Monday morning, is equal to a 
third of the colour used to give the desired shade, 
while in others a sixth is found to be sufficient. When 
making papers coloured with smalts, which is unacted 
on by acids, the fading is very slight, about a half- 
pound for every twelve pounds left in the chest being 
quite sufficient. With inferior grades of smalts the 
liability to fading is, however, much greater. 

When making delicate colours the alum should be 
kept out until just before drawing the valve, so that 
the contact with the colour may be as limited as 
possible. A very suitable way in which to use coch- 
ineal is to dissolve it in a dilute solution of ammonia, 
to which a little cream of tartar has been added. The 
cochineal paste is sometimes dissolved, with the cream 
of tartar, in the water before the ammonia is added. 
Used in this way there is no danger that the colour 
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will spot the underside of the paper, as is often the 
case when the dry carnation powder is used. 

Not unfrequently when making toned papers the 
iron used to give the shade makes the resulting colour 
too bright. In such a case a glass or two of bark 
liquor added to the engine or the chests will deaden 
the colour to the desired shade. 

When making greens, which colours are usually pro- 
duced by combination of bichromate of potash and 
nitrate of lead with Paris blue — or paste blue, as it is 
often termed — the two first mentioned should always 
be put into the engine and allowed to become mixed 
with the pulp before the blue is added, and alum 
should be kept out until just before drawing the valve. 
Before adding the nitrate of lead to the engine care 
should be taken that there are no traces of chlorine 
compounds in the pulp, as the presence of such would 
cause the yellow colour produced on the addition of 
the bichromate to take on a dull orange tint. 

Aniline Colours. — Though the advantages attending 
the use of the coal-tar derivatives or aniline dyes — to 
give them their most familiar name — have been known 
for many years, it is only within a comparatively recent 
period that these dyes have been used for colouring 
any but the cheaper grades of paper. Thanks, how- 
ever, to the painstaking and elaborate investigations 
of the German chemists, applied under "up-to-date" 
commercial conditions, these coal-tar colours have been 
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ACID AND BASIC COLOURS. J J 

Of the acid group, cotton scarlet is perhaps the 
best known, and being largely used for the production 
of deep shades, the question of complete exhaustion 
and a clear backwater is of the first importance, in 
view of the avoidance of pollution difficulties. Not- 
withstanding that a great many experiments have 
been made in order to determine the conditions most 
suitable for ensuring a clear backwater when using 
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some time. When using paraffine for froth prevention, 
care must be taken to avoid an excess, as otherwise 
small specks of tarry matter will appear in the sheet. 

As a rule the acid colours will be found to have 
more resistance to light than the basic colours. 

Aljamine may be taken as typical of the basic 
group, and gives excellent results, either used alone 
or in conjunction with other colours. When using 
colours belonging to the eosine group, great care must 
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be taken to maintain the temperature of the drying 
cylinders as uniform as possible, as otherwise a con- 
siderable variation of shade will result. This variation 
is most noticeable when making delicate shades on 
the single- cylinder machine. 

Dyeing to Shade, — As a general rule, the dyeing 
of paper pulp is conducted in a somewhat haphazard 
manner, with the result that, while in the greater 
number of instances the methods adopted by the 
papermaker work out fairly well, it not infrequently 
happens that much time is lost and paper spoiled 
through the colours not being right in shade ; especially 
should the shade be a new one for that particular 
mill. Given even an elementary knowledge of the 
nature and properties of the dyes to be used, there 
is no reason why any great degree of uncertainty 
should exist as to how the colour will work on the 
machine, provided that the dyeing be carried out 
systematically and intelligently. There are two methods 
by which the "striking" of colours may be carried out 
much more expeditiously, and with (what is even of 
greater importance) more certainty, than is possible 
under the rule of thumb generally adopted. 

To carry out the first of these methods, the apparatus 
necessary consists of a chemical balance, a graduated 
burette, three or four beakers, and about half a dozen 
stoppered bottles. For the second method the balance 
is all that is absolutely indispensable, though the use 
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of a small mortar and pestle facilitates matters a great 
deal. In carrying out the first method, which is re- 
stricted to dyes as distinguished from pigments, a 
weighed quantity of each dye of which it is intended 
to make up a standard solution is dissolved in a known 
volume of water and labelled in the following manner, 
according to the proportions of water and dye used : 
thus, " 100 C.C. = 1 gramme " would be the label should 
10 grammes be dissolved in one litre of water. In 
working out this method a certain number of cubic 
centimetres are added to a known weight of pulp — 
say sufficient to weigh 10 grammes when made into 
paper — and when the requisite dyes are added the 
pulp is diluted, and tried either in the hand mould 
or along the machine wire, when the percentage of 
each dye can be at once ascertained. In working 
out the second method, the dyes or pigments are 
weighed off and added to the experimental quantity 
of pulp in the dry state, a convenient scale being 
•01 grammes of dye to 10 grammes of paper, being 
equal to one pound of dye to 1,000 pounds of paper. 
It is obvious that these experimental trials can be 
carried out before the time for furnishing the beaters, 
and so there is no unnecessary delay, in addition to 
securing a much more satisfactory start than is possible 
when the beaters have to be dyed up experimentally. 

Of the two methods the writer always uses the latter, 
which lends itself either to the use of dyes or pigments, 
and when carefully worked is most reliable. 




RESIN SIZE AND SIZING, 

Of all the materials used in the manufacture of paper, 
there is none about which there exists such diversity 
of opinion, both as to its preparation and subsequent 
action, as that of resin size. 

Dr. Wflrster holds that the degree of sizing is pro- 
portional to the amount of free resin deposited on the 
fibres. Other experts, however, claim that the active 
sizing agent consists of the resinate of alumina, formed 
when the resin soap is decomposed by the alum ; while 
it is asserted by some that it is a mixture of both which 
constitutes the size coating. 

In support of the free resin theory, it is claimed that 
paper can be sized without the use of alum or alumina 
by making use of sulphuric acid to decompose the 
resinate of soda and liberate the resin. Though the 
majority of paper-makers hold the opinion that the 
resinate of alumina alone sizes the paper, nearly every 
mill has a different recipe for the preparation ol the 



RESIN SIZE. 8 1 

While the exact chemical composition of resin is 
still a matter of some obscurity, chemists and paper- 
making experts are generally agreed that two parts 
of crystal soda are required to unite with four parts 
of resin ; while, if good soda ash be used in place of 
the crystal form, one part will form a neutral resinate 
with four of the resin. 

The following recipe will give a reliable size of a 
light brown colour, which will be as near as possible 
a neutral resinate of soda: — Dissolve ninety-eight 
pounds of good soda ash in thirty-six gallons of 
boiling water, and then add four hundred and twenty 
pounds of powdered resin. 

The best form of boiler is a jacketed one, as by 
using it the increase of water, due to the condensation 
of the steam used to boil with, is avoided. The resin 
should be roughly powdered by the hand, as it is 
asserted that the finely divided resin, prepared by 
using a grinding mill, is very liable to form clots on 
being put into the hob soda solution. So long as any 
of the resin is undissolved, the carbonic acid, evolved 
as it enters into combination with the soda, will cause 
the solution to froth up, and, if not carefully watched, 
so as to check the steam in time, it will come right 
over the top of the boiler. 

To avoid this as much as possible, the temperature 
should be kept no higher than is necessary to dissolve 
the resin in a reasonable time. In addition to pre- 
venting the frothing, it is said that the carbonic acid, 
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when not violently expelled, has the power of forming 
a bicarbonate with the uncombined soda, which tends 
lo improve the sizing properties of the soap. 

When all the resin has united with the soda, the 
Steam should be shut off, as further heating impairs 
the strength of the size. To test whether the resin 
has all gone into combination, a little of the size should 
be taken out and poured into a pailful of tepid water. 
If it is right it should dissolve at once, and on putting 
in the hand there will be no deposit of resin. If, 
however, the resin has not all gone into solution, the 
hairs on the back of the hand will be rendered quite 
sticky by the adhesion of the uncombined particles. 

If a further heating does not serve to combine the 
resin, it may be inferred that, probably owing to a 
variation in the strength of the soda, the amount used 
is insufficient, and more will require to be added until 
the test shows that there is no more uncombined resin 
present. The soap should be run through a sieve 
before being put into the store tanks, that any in- 
soluble impurities may be removed. 

Size prepared in this way will not yield much lye 
when kept for a length of time, for this reason, that it 
does not contain much soda in excess. The lye which 
separates out contains the colouring matter of the 
resin and any soluble impurities that may have been 
introduced while boiling. This lye should be carefully 
skimmed off, and while most paper-makers make no 
further use of it, it is recommended by others to be 
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used in dissolving the next boiling, as by using it less 
soda is required. They further assert that the acid 
which constitutes the colouring matter tends to im- 
prove the value of the size. 

A size prepared with the proportions given above 
should yield about ninety-six gallons of undiluted soap, 
each gallon containing nearly five-and-a-half pounds 
of resinate of soda. To prepare the solution for the 
beating engine, eight gallons of this strong size should 
be diluted with eighty gallons of water, which will be 
equal to ' half-a-pound of resinate of soda per gallon 
as furnished to the engine. After having been brought 
to boiling point, the size thus 'diluted should be strained 
through flannel, laid over a fine sieve, before being 
run to the beater store tank. 

By using soda-ash and resin, in the proportion of 
one part of soda to eight parts of resin, a white size 
containing a considerable amount of free resin will be 
produced. A suitable way of making this white size 
is to boil forty pounds of soda-ash with two hundred 
and seventy pounds of resin in about sixty gallons of 
water, and when all the resin has been dissolved to 
add fifty pounds of finely powdered resin. When such 
a size is diluted for the engine, it should be of a bright 
white colour, owing to the amount of finely divided 
free resin which it contains. 

When in contact with the pulp, this resin becomes 
attached to the fibres in a purely mechanical way, and 
this, together with the tendency of unprecipitated resin 
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to form resin spots in the paper, would lead one to 
conclude that, whatever the advocates of free resin 
sizing may think of it, the maker of fine grades will 
best forward his own interests by seeking to perfect 
the preparation of a neutral resinate of soda. Apart 
altogether from the composition of the sizing solution 
used, whether the paper be well sized or the reverse 
depends, to a great extent, on the mode of treatment 
in the beater. 

When the engines are heavily loaded with as much 
stuff as possible, the ultimate fibres do not come under 
the cutting action of the knives, owing to the body of 
stuff between the roll and the plate, and thus, though 
well hammered out, the original form and elasticity 
of the fibres are preserved. Stuff prepared in such 
a manner will size well for two reasons, which will 
be readily understood. 

When such stuff is carried down the machine wire 
it retains its water very obstinately, and thus the size 
coating is well felted among the fibres before the water 
is drawn out by the pumps. The loss of size with 
the backwater is therefore very small. The strength 
and flexibility of the fibres enable them to felt closely 
when coated with the resinate of alumina, and thus 
a strong, well-sized paper is produced, with the usual 
amount of alum and size. 

With light engines the body of stuff between the 
roll and the plate is much thinner, and thus the 
cutting action is more drastic. The result is that, 
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in addition to being reduced in length, the fibres are 
burst open, and thus lose much of their felting power, 
at the same time being rendered very free. Free 
stuff parts with the water very easily, and thus much 
of the sizing is lost on the machine, while the 
weakness, consequent on the treatment of the fibres 
in the engine, is also a great drawback to making a 
firm, strong-sized sheet. 

To get the best results in sizing stuff prepared in 
light engines, the roll must be very carefully put 
down, or the very life will be knocked out of the 
fibres, and the stuff will froth and "bell" on the 
wire, in addition to being poorly sized. 

Until within the last few years potash alum was 
almost exclusively used in the sizing of superior 
papers, owing to the difficulty in obtaining sulphate 
of alumina from which free acid and iron impurities 
had been completely separated. 

Crystal alum consists of a double sulphate of 
alumina and potassium, united together with 24 parts 
of water, as the following formula will show : — 

A1 2 (S0 4 ) 8 K,S0 4 + 2 4 H,0. 

It contains only about io # 5 per cent, of sulphate of 
alumina, and is thus much more expensive than the 
sulphates of alumina. 

Sulphate of alumina is not a chemical compound 
of a definite composition, as the alumina varies 
between 2 and 3 per • cent., though that purchased 
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from reliable makers generally contains 15 or 16 
per cent. 

Owing to the improved methods of manufacture now 
adopted, the aluminium sulphates can be prepared in 
such a way as only to contain the slightest trace of free 
acid and iron ; indeed, in some of the best grades no 
trace can be found. Notwithstanding this, the crystal 
form is generally employed for, the very best qualities. 

Sulphate of alumina is much more soluble than 
crystal alum, which requires iS parts of water 
as against 2 parts required to dissolve I part of 
the alumina. 

The amount of alum (or alumina) required to 
decompose the resin soap will depend on the amount 
of resinate of soda to be acted on. A size which 
contains a large percentage of free resin, already 
precipitated by the degree of dilution to which it 
has been reduced, will require less than one in which 
the percentage of sodium resinate is greater. 

To ascertain the exact amount necessary to de- 
compose the size, about 50 c.c. should be placed in 
a glass flask, and the number of c.c. of alum 
necessary to convert all the resinate of soda into 
resinate of alumina run in from a graduated burette. 

In this way the correct proportions for the solutions 
employed in each particular mill can be arrived at. 
Most paper-makers add to the pulp a larger proportion 
of alum than is required to form the size coating. 

This excess has the effect of hardening the paper 



INFLUENCE OF WATER ON SIZING. S7 

and giving to it a better rattle, and also acts as a 
mordant in helping to fix the colour. 

If the water used in the mill contains magnesium 
or lime salts, or, in other words, is hard, a much 
larger quantity of alum will have to be employed 
to obtain a well-sized paper. 

When size is added to an engine furnished with 
hard water, it is decomposed as a flaky precipitate, 
owing to the action of the sulphates of lime and 
magnesia in forming resinate of lime and resinate of 
magnesia when brought into contact with the resinate 
of soda. If, however, sufficient alum be added to 
precipitate the lime and magnesium salts, before the 
addition of the size, this decomposition can be pre- 
vented, and the resinate of alumina formed as usual. 

The best plan is to add the size after the alum used 
to neutralise the lime and magnesium salts has been 
thoroughly mixed, and then to run in the amount 
required to combine with the resin. It is said that, 
in this way, the precipitate formed by the action of the 
alum on the salts, which are the cause of the hardness 
of the water, is not so liable to be decomposed by the 
excess of alum used, as the presence of the size pre- 
vents it from remaining in contact with the pulp in 
the free state, owing to the ease with which the 
resinate of alumina is formed. 

The exact amount necessary to precipitate the salts 
contained in the water can easily be determined by 
treating a small quantity of it with a solution of the 
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alum used. The number of c.c. required to give a 
precipitate can be seen from the markings on the 
burette, and thus the amount required for the gallons 
contained in the engine is simply a matter of pro- 
portion. 

Though the water supply, under ordinary circum- 
stances, may be sufficiently free from impurities, a 
sudden flood may change the channel and lay bare 
lime and magnesium compounds which, when carried 
into solution, will have a deleterious effect on the 
sizing. When the water contains carbonic acid the 
danger of this is much increased, as the acid dis- 
solves the lime as a carbonate, identical with the 
carbonate of lime formed by the action of the carbonic 
acid of the air in the lime left on the fibres by the 
bleaching solution. 

The extent to which the decomposition of the alum 
may be carried, owing to the presence of these salts, 
either in the water or in the pulp, will be easily seen 
from a glance at the following equation : — 
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2 CO, + SO 


+ 24 


H.O. 



It will thus be seen that should the water in the 
engine contain 1 lb. of carbonate of lime in solution, 
almost S lbs. of potash alum will be decomposed, and 
thus rendered ineffective for sizing purposes. 

A consideration of the above facts will show that, 
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in order to size paper effectively and economically, 
the greatest vigilance must be exercised to see that 
the solutions used are kept as near as possible to the 
proportions which practical experiments, in each mill, 
have shown to be necessary. 

The contact with the heated cylinders on the 
machine, and the degree of heat to which the paper 
is subjected, have a great deal to do with rendering the 
size coating effective. This is probably due to the 
resinate of alumina, which has been precipitated on 
the fibres in the engine, becoming fused, and spread 
out, over, and into the interstices of the paper in such 
a way as to greatly increase the water-resisting power. 

That the sizing of paper, dried by the contact with 
the machine cylinders, is much better than a similar 
paper dried by hot air, may be tested by taking a 
piece from the web after it has passed the second 
press rolls, but before coming into contact with the 
heated cylinders, and drying it in a hot atmosphere. 
A piece should be taken from near the same place in 
the web, but after having been thoroughly dried by 
passing over the cylinders, and when the first sample 
is perfectly dry, the relative water-resisting power can 
easily be determined. 

Wetting with the tongue will show that the paper 
dried by hot air, without any contact with a heated 
body, is very poorly sized compared with the piece 
which passed over the cylinders. An accurate idea of 
the relative sizing can be obtained by placing a drop 
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of a dilute alcoholic solution, coloured with a little 
carnation in order to render the effect more noticeable, 
on each of the samples, and observing the time which 
it takes to penetrate to the other side in each case. 

The initial cost of the hides and piths used in animal 
size-making, as well as the expense in preparation and 
application, has led to investigations with a view to 
finding a substitute which, while being less expensive 
to begin with, can be applied with satisfactory results 
to the pulp in the beating engine, thus doing away 
with the necessity for the expensive drying plant. The 
substance which has as yet shown the best results as 
a substitute for animal size is milk caseine. 

Caseine is the name given to that portion of milk 
which contains albumen. This albumen is analogous 
to that obtained from eggs and blood, and when a 
paper is coated with it it becomes capable of resisting 
the penetrating action of water just as a gelatine-sized 
paper does. When dry, milk caseine takes the form 
of a slightly yellow powder, which dissolves somewhat 
sparingly in water. 

The caseine for sizing is generally dissolved in a 
very dilute solution of ammonia, and in this state may 
be added to the pulp in the engine. When used in 
this way, however, there is a considerable loss owing 
to the finest of the albuminates precipitated by the 
alum passing away with the back-water on the machine. 

Dr. Muth, a strong advocate of caseine sizing, pre- 
pares the ammonium albumen, as the caseine is 
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generally termed, with a solution of ordinary resin 
size prior to adding it to the pulp; and in this way 
he claims that the finest albuminates are fixed by the 
size, and thus prevented from being carried away with 
the machine back-water. 

For fine papers Dr. Muth recommends the use of 
4 to 5 parts of caseine to ij parts of resin, and 3^ 
parts of sulphate of alumina to precipitate. These 
proportions can be changed according to the quality 
of the papers to be sized. 

Among the advantages claimed for milk sizing may 
be mentioned the greater elasticity of the fibres when 
compared with resin-sized papers — an increased yield 
owing to the precipitated albuminates being retained 
among the fibres. It is also claimed that, owing to the 
fetty substances present in the caseine, frothing on 
the machine is much reduced, and a larger percentage 
of loading carried with less injury to the tear, owing 
to the union of the caseine with the loading materials. 
This union is said to entirely prevent dusting when 
cutting and printing. 

Caseine may also be used for surface sizing, and 
when dried at a temperature of 266 Fahr. is said to 
become quite insoluble. When adding to the engine 
it should be allowed to become thoroughly mixed with 
the pulp before the alum, which must always be 
present in excess, is run into it 

Though it can be readily understood that the gela- 
tinous precipitate formed on the fibres will resist the 
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action of water much better than the resinate of 
alumina resulting from the resin size, it is difficult to 
understand how the coating thus formed will possess 
the same resisting power as that from the thick, strong 
gelatine which composes good animal size. In mills 
possessing no facilities for surface sizing, it might be 
used with advantage for the sizing of a better class of 
papers than the usual engine-sized qualities. 



CHAPTER IX. 

THE FOURDRINIER MACHINE AND ITS 

MANAGEMENT. 

In most mills considerable difficulty is experienced, 
in preventing the emptying of the beaters from dis- 
turbing the weight on the machine. As the beaters 
are usually filled to the lip, there is no room to allow 
of the water being sufficiently mixed with the pulp 
before drawing the valve ; and the result is that the 
thick stuff reaches the chests, and, in spite of the 
motion of the agitator, sinks to the bottom and is 
drawn into the pipe supplying the stuff cock-box before 
the water can be got down. 

When making a large, heavy sheet, a difference of 
5 or 6 lbs. in the ream may be caused by this thick 
stuff before the water can equalise it. Several devices 
have been tried in order to do away with this as much 
as possible. One of these consists in placing a metal 
float in a small box through which the stuff is led 
after it leaves the stuff-cock. 

The float is connected with a water-cock in such a 
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way that when it rises, owing to the thickening of the 
stuff, the water is turned on, and continues to run 
until the pulp has been reduced by it to the usual 
thickness, when the float sinks down and closes the 
cock. 

In some mills a small chest capable of holding about 
100 lbs. of pulp, and fitted with an agitator, is used as 
a stuff-cock box, but with no great advantage ; and 
when working out, the difference in pressure as the 
level of the stuff becomes lowered causes light weight, 
in spite of the attention of the machine-man in gra- 
dually putting up the stuff-cock. 

The best plan, though not always the most con- 
venient, is to place a chest, capable of holding the 
contents of the beater when diluted with water to the 
usual consistency, in such a position that it can empty 
into either of the machine chests. When the pulp and 
water have been thoroughly mixed, it can thus be 
allowed to flow into whichever chest it is desired to 
fill, and being always of the same thickness, the weight 
is not disturbed. 

When no such plan is adopted, the chests should 
be connected by a pipe fitted with a valve, so that 
either can be shut off when working out or changing, 
and the engines should be emptied into the chest, the 
cock of which is shut, and which communicates with 
the one out of which the pump is drawing the supply 
of stuff for the machine by means of the connection 
pipe. In this way the thick stuff has time to become 
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more diluted before it finds its way through the con- 
necting pipe to the chest supplying the machine. 

If the chests are of iron, the inside should be 
covered with a coating of cement or some other non- 
corrosive substance. Chests coated in this way will 
keep clean longer, and when dirty be much easier 
washed, than if they were not coated. If the agitators 
revolve too slowly, a great deal of trouble will arise 
from bad weight, especially when making thick papers 
carrying a large percentage of loading. 

Agitators that revolve too quickly are, however, very 
apt to churn grass stuff into soft knots, which are with 
difficulty broken up by the strainer. A good speed 
for all round work is six or seven revolutions in the 
minute. When the stock used consists of rags, the 
speed may be quickened to eight or nine revolutions 
without doing any injury. 

It is most essential that the stuff pump be capable 
of pumping sufficient stuff to give a good overflow 
when the machine is working at its full breadth and 
speed, as a poor stuff pump is a great hindrance to 
the turning out of a good weight. To ensure that an 
ordinary pump will work easily, without any undue 
straining or jarring, the pipe from the chests should 
not be less than four inches in diameter. 

A new form of stuff pump, which has lately been 
introduced, works without the rubbers, which are such 
a nuisance in the older forms. The bottom ball works 
into the pipe, while the top one works into a cavity in 
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the barrel, and against an iron saucer fitted to the top 
of the cover. The balls may be of metal; but if so, 
they are apt to check the stuff and cause white chips 
to appear when making blue papers, so that rubber 
ones give most satisfaction. 

When the felts used to cover the sand-trap are 
nailed down, they should be carried up the sides also, 
so that no stuff may get in below, otherwise the stuff 
and dirt which will accumulate underneath will come 
away at times and cause much broke. If they are 
simply held down by leads, which is the better plan, 
a spare set should always be kept, so that they may 
be washed thoroughly and be ready to put down when 
the trap is washed out. 

It seems to be a fixed idea with the majority of 
paper-makers that, in order to get clean paper with a 
revolving strainer, it must be worked with the plates 
covered. It is very doubtful, however, if much or even 
any advantage is gained by this method of working, 
as the strain on the bellows is much harder, and, the 
suction being stronger, the dirt is more liable to be 
drawn through the slits than would be the case if the 
strainer were drawing a little air and thus working 
more easily. 

It is often remarked, in recommending this or that 
special style of strainer, that it can take through a 
larger amount of stuff in the hour than any other. 
Those who talk in this way seem to forget that the 
first requirement in a strainer is to keep back dirt, 
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and not merely to force through a large amount of 
stuff. A strainer which takes through a more than 
usually large amount of stuff in an hour will be almost 
certain to draw through a more than proportionally 
large amount of dirt, especially if the increased power 
be due to extra suction. 

It cannot escape notice that, when the flat strainers, 
which work by suction, fill up and get no air, a much 
larger amount of dirt will come through than when 
they are drawing air. The better plan would seem to 
be to work two strainers at an easy suction, rather 
than force dirt and stuff through one by shutting 
out the air and taxing the bellows to the utter- 
most. 

For straining fine stuff the plates should be of as 
narrow a cut as will take through the stuff without 
undue strain. The better qualities of writing papers 
are, as a rule, made from very fine stuff, and, conse- 
quently, will work easily through 2\ or 3 cut plates, 
but for banks and loans cut 4 or 4^ is necessary, 
while the long stuff prepared for cartridge papers 
should be strained through cut 5 or 5J. 

It is a mistake to work fine cut plates for long stuff, 
as the rubbing necessary carries more dirt and knots 
into the sheet than would get through if wider plates 
were used. Whatever may be the width of the plates, 
the greatest care should always be paid to having them 
fit properly down on the frame. If the plates fit badly, 
dirt and knots will get through in spite of all the care 
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given to the choice of the width of the cut, and the 

me applies to badly-fitting bolts. 

It often happens that when the original bolts become 
used up or lost the new ones supplied are a little 
longer, and do not fit up to the head ; or they may 
be a little smaller, through the holes having become 
worn and apt to become slack with the working of the 
bellows, especially if the plates be worked covered. 
If the bolts are too long the head will exert no 
pressure on the plate to keep it down on the frame, 
and, consequently, the stuff which works down the 
thread of the bolt will find its way under the plate and 
into the paper unstrained, and in all likelihood it will 
have become rolled into a small, hard knot in its 
passage down the thread. The same thing will occur 
if any of the bolts work slack, or if the plates do not 
fit close up to the frame. 

The knots which are caused by these defects are 
easily recognisable, as they are hard and rounded, and, 
unlike the knots which are in the stuff, they are raised 
up on the surface of the sheet. When the packing of 
the strainer ends has become worn, the knots made 
by the working of the stuff between the vat and the 
journal of the strainer are not so round, but more 
feathery shaped. 

It sometimes happens that long grass stuff becomes 
churned into soft knots in the chests, and these, 
especially if the plates are worn wide, are very liable 
to pass through the slits unbroken and appear in the 
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sheet. If such stuff, instead of being run straight 
from the stuff cock into the sand trap, is led into the 
box which receives the water from the save-all, and 
drawn with the water through the pumps, a very large 
proportion of the knots will be broken up by contact 
with the sides of the pumps and pressure in passing 
the rubbers. 

If this arrangement is not a suitable one, another 
plan is to blow a jet of steam against the stuff in its 
passage to the strainer. This should never be done 
if it can possibly be dispensed with, as the steam heats 
the stuff and renders it very free, and, in addition, 
takes much of the firmness and rattle from the finished 
paper. 

If as much as possible of the backwater be run off, 
and spring water used to make up what is needed, 
the weakening action will be much lessened, as the 
cold water will counteract the heating which is the 
cause of the softening. Even when the amount of 
steam used is small, the backwater soon becomes 
heated by coming into contact with it so often. 

Though the small strainer often used as a breast-box 
does catch strings and blotches, yet if it runs more 
than twelve hours without cleaning, the blotches which 
will break away from it will cause a considerable 
amount of broke. 

This is especially the case when calenders are at- 
tached to the machine, as the blotches adhere to the 
rolls, and, in addition to the broke thus made, a 
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great deal of extra labour is entailed in keeping them 
clean. A box small enough to secure a sufficient 
agitation by the rush of the stuff, and at the same 
time give a steady head of stuff behind the slice, will 
be found most suitable and will take up less space. 
For a machine on which there is much changing, and, 
indeed, for any machine, Holloway's patent deckles and 
knees are the best. 

With the older forms, even though the change may 
be merely an inch or two, the tacks have to be taken 
out and the apron rolled up when putting in the deckles, 
and vice versa when drawing out. On thick papers 
a great deal of trouble is often caused by the small 
knots or rolls of stuff which are formed when the 
apron refuses to lie properly. These rolls are often 
carried in by the action of the shake, and with difficulty 
removed with the cutting. 

These older forms have this advantage, that when 
making blues there is no white streak on the edge, 
such as is caused when the stuff works under the 
leather of the patent knees. When the amount of 
broke made when changing from a narrow to a broad 
deckle, or vice versd, is taken into account, the gain 
in cutting on blue papers seems somewhat insig- 
nificant. 

Should the apron have been rolled up for any length 
of time it often refuses to lie flat ; a hand-bowl or two 
of hot water will soften it, and make it lie quite evenly 
on to the wire. A thick strip of felt soaked in water 
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should always be laid along the edge when it has to 
stand dry for any length of time. The movable knees 
should be kept up an inch or so, that the apron may 
lie close into the deckle strap, and so make a good 
edge. 

By pressing down the knee against the strap it can 
be pushed out a little, and thus a little more cutting 
room may be gained. To make a good edge with 
the patent knees, the rubber pads must be fitted so 
as to come close up to the leather, and lie down on 
the apron in such a way as to prevent any stuff leak- 
ing out. 

The apron should extend just as far under the 
deckle pulley as is possible without coming in contact 
with the strap, should it have to be lowered a little 
with the deckle frame through the leather having be- 
come worn. The leather should fit easily, so that it 
may rise and fall with the motion of the tube-roll, 
and yet keep close enough down to prevent stuff 
getting under it, while not pressing so hard as to 
cause knots. 

In order to keep them working in this smooth 
way they should be taken out, and slides cleaned 
and rubbed with a little oil whenever the knees are 
off. Care must, however, be taken that all the surplus 
oil is washed off, otherwise it may get on the strap, 
and cause it to grip the pulleys hard, through pre- 
venting it from carrying enough water to make it 
slide over them easily. 
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The level of stuff behind the slice must not be 
too high, or it will lap over the strap, and, working 
between the leather and strap, cause small knots to 
pass down on the edge. While the apron should 
lie slightly up to the wire, it must not be raised too 
much, or the depth of stuff as it leaves the breast-box 
wiil be apt to cause currents that will spoil the spread. 
Neglect of this, trivial as it appears, is often the 
reason why on some machines the spread gives so 
much more trouble than on others. The movable 
slice, by which the spread is regulated, must be 
worked to suit the different natures of the stufr. 
When the stuff is fine and carrying the water well, 
the slice should be kept well down, and this is 
especially necessary when making wove papers. To 
make a nice close wove sheet, the stuff must be 
prepared very fine and not soft. No more water 
should be worked than is necessary to close the sheet, 
and just sufficient shake to felt it evenly, while the 
first pump should be well closed. 

The effect of such working is especially noticeable 
on blue and yellow woves, as keeping the pump 
shut as much as possible, and working the water 
smoothly up with a gentle shake, has the effect of 
closing a blue sheet very nicely without drawing the 
colour from the underside; while the yellow has a 
clear close look, without the crushed appearance so 
often seen when much water is worked. 

For such papers in the ordinary weights the speed 
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should not exceed 70 to 75 feet a minute. When 
making laid more water will have to be put on, the 
slices raised a turn or. so, the shake put up, and the 
pump opened. If the slice is not raised when much 
more water is put on, the depth of stuff behind it 
causes such a rush that the stuff is carried a good 
way towards the pump before it comes under the 
influence of the shake, and as the shake is most 
powerful just at the slices, it can less afford to be 
lost. If the laid dandy begins to " lift," there is too 
much water in front of it, and to cure it the pump 
must be opened, and more water and shake put on, 
if necessary, to close the sheet. 

Bringing up the water by means of the shake, and 
opening the pump a little, will generally have the 
effect of curing it. When the stuff is free it rushes 
out from beneath the slices very violently, and does 
not settle down quickly. Before settling down, such 
stuff rolls over on itself, just like a wave, after it 
has passed the slices, and the more free it becomes 
the farther will it travel before turning over and 
settling down. 

A careful look at very free stuff on the wire will 
show that, even when close to the pump, the finest 
of the fibres are still in a state of agitation. In 
addition to causing a rush, the slices when worked 
very low down catch the ultimate fibres, and, turning 
them on end, cause the sheet to have a broken un- 
felted appearance. This is more noticeable when 
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working long stuff, and is the cause of the wavy, 
streaked appearance of thick coloured sheets. The 
thicker the sheet, the more shake is required to felt 
it, and when making thick cartridge or envelope 
papers, for which the stuff has been kept long, the 
slices will also have to be raised, so that enough 
water may be worked to assist in closing the long 
fibres. 

When long stuff is free, it will not stand much 
shaking, as the edges are apt to be thinned, owing 
to the ease with which the stuff is lashed back by 
coming in contact with the deckle straps. To remedy 
this the shake should be put back, more water put 
on, and the slices raised. 

It is sometimes necessary, owing to the bad con- 
struction of the breast-box or apron-board, to stick 
pieces of paper on the slices, so as to check the 
rush at some places, before an equal spread can be 
obtained. This has the same effect on the portion 
of the sheet which comes under it as having the 
slices too low. 

It often happens, that after working out or being 
shut down for some time, the stuff, from being milled 
so long, will be too soft. Such stuff is the most 
difficult of all to work, as it lies so dead on the wire 
that it requires water and an energetic shake to 
spread it, while it parts with the water so badly that 
it is seldom enough can be put on to make a' good 
sheet. 
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When stuff is both fine and soft, the paper will 
have a crushed appearance, especially if working 
a wove dandy, and will be very likely to stick to 
the press-roll. In such a case the shake should be 
put back as much as possible, consistent with closing 
the sheet, the first pump opened under the same 
restrictions, and the air-cock on the second pump-box 
shut, so as to suck the paper as dry as possible. 

The guard-board should be put down, so as to 
prevent the passage of any water, and the weights 
on the couch-roll increased. This has the effect of 
drying the paper still further, and making it less 
likely to adhere to the press-roll. The press-roll 
should be put down as lightly as possible, and the 
wet felt tightened up* so as to open the warp, and 
allow the water to be pressed out more readily. 

Pouring a little turpentine on the coucher or press- 
roll has the effect of taking away such greasiness 
for a minute or two, and enabling the web to be 
taken off the press-roll without any difficulty. When 
once down, and under the tension of the draw to 
the second press, or cylinder, the liability to stick 
again is not so great, so that by the use of a little 
of this grease-destroying agent much broke may be 
saved. 

Considerable difference of opinion exists among 
paper-makers as to which is the most suitable length 
for the machine wire. The writer has had experience 
in making paper with 32 feet, 38 feet, 40 feet, and 
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45 feet wires, and, from a careful study of the be- 
haviour of the different kinds of stuff on each, is 
of the opinion that for making the best qualities, 
where look is of the first importance, the best results 
will be obtained from a 38 to 40 feet wire. 

To get a passable sheet on a 45 or 50 ft. wire 
the stuff must be very free, otherwise it will be so 
inert before it reaches the dandy that the papers will 
have a dull, crushed look, especially when making 
woves. When the stuff is free enough to counteract 
this deadness, the number of tube-rolls in contact 
with the wire take away so much of the water that 
it is often difficult to obtain a clear impression with the 
dandy, though more water be put on. 

The water, leaving the paper thus, can be much 
reduced in quantity if a number of the tube-rolls are 
lowered out of contact. In this way the advantage 
of a longer time under the influence of the shake is 
gained, while the amount of water leaving the stuff 
can be regulated by putting up or letting down the 
tube-rolls. It should also be borne in mind that 
the greater the amount of backwater, the less likely 
is the paper to be sized and loaded up to the expec- 
tations formed, from the amount of these materials 
added in the engine. 

The speed at which the machine is to be driven, 
and the nature of the stock to be worked, must 
always be taken into consideration in regard to the 
length of wire to be put in. For the proper working 
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of soft greasy stuff at a quick speed, a 50 ft. wire will 
be an advantage, in giving more time to get the water 
taken out ; while for fine stuff, not too soft, worked 
at a moderate speed, a wire 40 ft. in length will be 
best suited. The speed must also determine the 
amount of pitch to be given to the wire. 

A 40 ft. wire, travelling up to 100 ft. a minute, will 
require a pitch of about f of an inch from the breast 
roll to the first guide-roll, while if driven at a speed 
of 200 ft. a minute a i\ inch pitch will be necessary. 
It is the custom with some engineers to put in very 
heavy breast-rolls, though for what purpose it is 
difficult to see. 

In addition to the inconvenience of handling a heavy 
breast-roll, when putting on a wire, the strain on the 
wire to keep it turning is very great, and tends to wear 
it out much sooner. A light roll would answer the 
purpose equally well, and offer much less resistance 
to the wire when running, as well as being much 
easier to shake. 

The manner in which the shake is given and the 
length of the stroke have a great deal to do with the 
spread and look of the sheet. If the stroke is too 
long the stuff will be washed back from the deckle 
strap, thinning the edges, and causing a white mark, 
similar to that caused by a ridge, to appear about 
3 inches from the edge on each side. 

Should the brasses which support the shake bars 
become worn, or the pins which connect the bars with 
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the frame be too thin, the double shake, caused by the 
play of the brasses or pins, will counteract the original 
shake, and, instead of the smooth push and pull, a 
jerky disconnected motion, which will be sure to thin 
the edges, will be given. 

The end of the save-all should not come quite up 
to the breast-roll, but should be so placed as to ensure 
that no stuff may become jammed between it and the 
roll. When too close, any stuff which may pass round 
the roll will, instead of passing on to the felt-covered 
guard-stick and being; washed away by the water, lie 
against it and the roll until it becomes hard, when it 
will act as a serious drag on it when turning. A 
strong flow of water should always be kept on 
the guard-stick, which, while being close enough to 
catch the stuff, should not press too hard on the 
roll. 

Machines which work strong greasy stuff are some- 
times fitted with three pump boxes, so that no 
difficulty may be experienced in taking out the water. 
The majority, however, have only two, and when the 
stuff is greasy a great deal of trouble and broke is 
often caused by the water flooding over the boxes and 
" worming " in front of the coucher. 

This is more liable to happen when the bars- on the 
pump-box are faced with mahogany than if vulcanite, 
brass, or glass has been used to face them. Mahogany- 
faced boxes, though less hard on the wire, are very 
apt to vibrate when drawing hard, and this prevents 
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the air-cock from being shut as much as is needful to 
enable the pumps to draw the water out. 

A strip of vulcanite inserted between two layers of 
mahogany along the ends and sides of the pump box 
does away with the vibration to a great extent, but it 
must be fitted very closely, otherwise it will draw air. 

By working a jacket on the under couch-roll the 
paper will be less rough on the underside than if it is 
worked bare, and it will also bulk better. Being less 
dry, however, the paper is much more apt to stick to 
the press-roll. 

Another objection, and perhaps the most serious of 
all, is that the small particles of sand or grit, liable to 
get into the cover, ridge and score the wire very 
badly, and if the wire is run bare for any time it 
is very bad for running into a crease. It will be 
noticed that when a wire, after running some time, 
becomes slack on either of the edges, it is generally 
the backside if the water for the wash-roll enters 
at the foreside, and vice versa if it enters from the 
back. 

The reason of this is that the small holes in the 
water pipe are apt to become choked up at the end 
farthest from the inflow, and the wire, owing to being 
much more dry, is strained in its passage over the 
rolls. Apart from this, a good strong shower should 
always be kept on the wash-roll, in order that any free 
acid left in the pulp and liable to become deposited in 
the meshes may be washed out 
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Attention to this, and also to thoroughly washing the 
wire when shutting down for any length of time, will 
keep the meshes clear, lessen the strain of the pumps, 
and improve the appearance of the sheet, in addition 
to prolonging the life of the wire. 

When making soft sized papers, the froth is usually 
much more troublesome than when alum has been 
added to the pulp. This froth often comes away with 
the stuff from under the slices, and makes " worms." 
To cure this, the slices must either be lowered a little 
or more water put on, so that the level behind the 
slices may be raised and prevent the froth escaping. 

Care must be taken not to lower them too much, or 
the rush of stuff underneath will cause the carbonic 
acid, always more or less liable to be present in the 
water used in the beaters, to escape, and in doing so 
to cause " bells," which, when broken by the dandy, 
leave a mark on the surface of the paper. This 
frothing and helling is always worse when steam is 
used to clear knots in the pulp, and should any of 
the bleaching solution used in the engine remain un- 
decomposed, the heat will have the effect of liberating 
the carbonic acid, which is the cause of the froth. 

Sometimes, even when the slices are kept clear of 
froth, small bubbles will escape on the edge and 
come down the wire with the deckle strap. These 
bubbles are often the unsuspected cause of worming 
at the dandy, especially should the edge be a little 
thickened and the pump-box end not full out. Under 
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these conditions they are not broken by the suction 
of the pump, and passing along the front of the dandy 
cause the worms to come away. 

If drawing out the deckle strap a little and also the 
end of the pump does not cure the trouble, a piece of 
soft paper should be folded so as to fit in behind the 
slices close to the knee and along it a little, so as to 
prevent the bubbles escaping along the edge of the 
strap. 

The bells which gather on the edge of a laid dandy 
can be kept away by nibbing a little oil on the 
dandy just off from the edge of the paper, or, better 
still, by moistening the cloth used to keep away spots 
just over the edge with a little sperm oil, which has 
the same effect. 

The trouble with froth is so bad in some mills that 
patent froth-killers are resorted to in order to keep it 
down. These concoctions are very often adulterated 
with resin, which adulteration is sometimes carried to 
an extent that causes the paper to stick determinedly 
to the press-roll, and leaves a deposit of resin among 
the stuff which gathers on the doctor. 

When the liability to froth is great, special attention 
should be given to the water used in the engine, as 
the carbonic acid expelled from the lime salts con- 
tained in hard water is often one of the sources of 
its origin. 

The alum solution should be added when furnishing, 
and if the water be hard an additional quantity of 
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alum will require to be put in in order to precipitate 
the salts contained in it. 

The chlorine compounds must be completely neutra- 
lised by means of antichlor. 

The following recipe is said to make a very efficient 
froth-killer, the use of which will lead to no bad 
results in causing the paper to stick to the press- 
roll : — One-and-a-half gallons of linseed oil, mixed 
with one gallon of bleach, and a gill and a-half of 
turpentine. 

To keep the dandy free from bells when making 
laid papers at a quick speed, a gentle puff of steam 
should be blown through it from a perforated iron 
pipe, hung down in front of it in such a way that the 
steam will meet the dandy at a slight angle and be 
blown clear of the stuff. 

For quick driving, the stuff must be quickly pre- 
pared in the beater, so that it may not be soft, but 
settle down quickly and part with the water easily. 
Though the engines must not be made too stiff to 
prepare such stuff, there is no reason why they should 
be filled thinner than usual. 

Stuff prepared in an engine filled about the usual 
consistency, but not heavily, when treated somewhat 
sharply with the roll at first, and yet not so cut up 
as to be rendered fine, will felt closely and part with 
the water easily though made at a quick speed. 

When, however, the engines are filled with a larger 
proportion of water than usual, lightly loaded (with 
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stuff, not clay, or other so-called "loading" material) 
and cut up quickly, the stuff produced will undoubtedly 
be free, and most likely fine, at least the finest of the 
fibres will be very fine, owing to the ease with which 
they are got at by the roll, with the result that it will 
" bell," froth, and stick to the press-roll. 

It would seem as if such stuff when once up the 
press-roll had not enough cohesiveness to stand drawing 
down, but when once down lacks the power to run 
up so often as might be expected, from the difficulty 
experienced in getting it down when it does break ; 
as it will be noticed that with stuff thus prepared there 
are fewer breaks at the press-roll than is sometimes 
the case with stuff which leaves the roll much more 
easily. 

It sometimes happens when making wove papers, 
with the pump well shut, that the drawing power of 
the pump is hampered owing to the cock being so 
much closed, and when this is the case the back lash 
from the pump causes the paper, especially if it be 
thin, to fold over at the edge in an almost imperceptible 
crease. This crease may give no sign of its presence 
until the last set of cylinders, or calenders, are reached, 
but it is almost certain to cause a break there. A little 
more water, or shake, and the pump box opened a 
little, will make this disappear entirely. 

Another very frequent source of cracks and breaks 

between the cylinders and calenders is having the wire 

too slack. When the wire is too slack it is apt to 
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If the wire is causing tfaea, they ml seem like a small 
Hack streak running a little way in from the edge. 
Tightening op the wire a few turns, and putting more 
weight on the coucher, wfll have the effect of curing 
them. 

When the coucber cover becomes worn on the edges 
much trouble and worry are often caused by the paper, 
instead of couching properly, adhering to the jacket, 
and, if not running up the roll altogether, going far 
enough up to cause the edge to crack and the web 
to crease going under the press-rolL 

This may be greatly helped by easing the weights 
on the coucher and raising the guard-board a little. 
The guard-board must not be lifted much, just enough 
to keep the cover moistened with water, so that the 
suction on the paper may be lessened. Slackening 
the wire draw will also help it, by allowing the web 
to go farther down the wire, and thus the risk of its 
adhering to the coucher is not so great. By fixing a 
small jet of water so that it will play on the edge 
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of the coucher, which comes in contact with the paper 
just before it passes under the guard-board, the edge 
can be kept much cleaner, which also lessens the 
liability of the web to adhere to it. 

Dandy rolls are usually made half an inch less in 
circumference and three-quarters of an inch more in 
breadth between each name, to ensure that the sheet 
will cut to the size after the shrinkage and expansion 
caused when the paper is in contact with the hot 
cylinders and on the driers. Sometimes dandy rolls 
are wanted to cut above their given size, as when, for 
instance, a sheet 17 x 27 in. is to be made with the 
foolscap roll which cuts I3£ X 16J in. In order to 
bring the name up to the size it will have to be 
stretched half an inch. 

With long stuff, which stretches easily, this is, under 
ordinary circumstances, a matter of no great difficulty ; 
but when fine stuff is being worked it is sometimes 
quite impossible to obtain the size without unduly 
stretching the sheet. The first thing to be done in 
order to bring up the size, in such a case, is to hang 
the dandy as much as possible, and so make it revolve 
more slowly ; then the cloth should be let down on the 
roll, as much as can be risked without retarding it in 
such a way as to cause it to streak the paper. 

The wire should be slowered so as to tighten the 
web between the under-coucher and the wet-felt. The 
second press should be driven a little harder by taking 
off a piece of the packing from the driven pulley, or, 
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them quickly. A dirty second press felt is one of the 
most frequent causes of the unevenness in drying, 
termed " cockling," as the paper in contact with the 
dirty part of the felt is much more damp when it comes 
in contact with the cylinders, and thus is liable to 
become blistered from the suddenness of the drying. 

Keeping the dry-felts tight has the effect of prevent- 
ing cockling by pressing the paper more uniformly 
against the cylinders. Whether there be any special 
need to have the paper flat or not, the drying should 
always be conducted gradually, the heat of the 
cylinders gradually increasing as the paper nears the 
dry end. With thin papers, especially those made 
from strong linen rags, the press must be put hard 
down, and the heat of the cylinders so regulated as 
to leave the paper slightly damp when it comes in 
contact with the last two or three, which should only 
be sufficiently hot to dry without causing any sudden 
contraction of the web. 

Unless the seam of the second press felt be per- 
fectly square it is very liable to crease ; if it should 
do so the side which is last should be lowered down, 
as by doing so the creasing is counteracted more 
quickly than by tightening the side which has run 
ahead. When passing the second press the draw 
from the first press to the cylinders must be slackened, 
and to do so double the amount of packing that would 
be necessary to slacken the same strain from the 
second press to the cylinders will be required, 
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The same rule holds good when passing the smooth- 
ing rolls, and of course double the amount has to be 
taken off when putting the paper through again. 
Though, as a rule, when changing from thick to thin 
papers the draws will require to be tightened up, very 
little packing will be necessary should the speed be 
much faster than that at which the thicker paper was 
made. This is due to the increased momentum given 
to the pulleys owing to the quickened speed. 

When making thick paper at a speed of about 18 ft. 
per minute, the belts will require to be very tight, or 
they will slip, owing to the strain of driving, unaided 
by the momentum which a higher speed will give. It 
sometimes happens that when driving at a slow speed 
the wire will run to one side, and refuse to respond 
to the guide. Should this threaten to damage the 
wire, the speed should be quickened up, as by so 
doing the wire will answer the guide much better. 

If the machine be fitted with the improved cone 
driving, quickening the speed is a very simple matter ; 
but should the difference thus made be insufficient, 
as much as 20 ft. more per minute can be obtained 
by tightening up the thumb-screw attached to the 
governor of the engine. 

This increase of the speed generally has the effect 
of bringing the wire back, but should it prove inef- 
fectual the only plan left is to shut down, and, having 
taken off the couch-roll and slackened the wire a little, 
to draw it back into its right position. 
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It is assumed that everything has been already done, 
so far as altering and tightening the wire at the side to 
which it is running can be made to effect any change 
in its course. When making webs, such as those for 
use in the Morse telegraph machine, difficulty is often 
experienced in getting them to bulk equally. This 
unequal bulk may be caused by a want of uniformity 
in the spread on the wire, or a difference in the 
pressure of the couch or press-rolls. Badly ground 
calender rolls will also cause inequality both of surface 
and of bulk. 

In this connection it should be remembered that, 
when paper is passing through the calender rolls, the 
drier it leaves the press-roll the better will it bulk. 
Should the pressure on the rolls be very light, or 
should the paper be finished rough, the less pressure 
put on the press-roll the bulk will be better. 

Each machine has, owing to differences in fitting up 
or other causes which exert an influence on the 
pressure given to the paper, its own peculiarities. 
Sometimes a softness on the edge may be filled up 
by hanging or putting down the second press-roll, 
according as the paper is being glazed or not. When 
the stuff is free, and thus spreading and filling up the 
edges well, the webs will be found to bulk more 
uniformly. 

Should the paper begin to break between the 
calender rolls from any unaccountable cause, the first 
thing the machine-nam ought to do, after having 
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satisfied himself that it is not too dry, is to see that 
none of the draws are too tight, especially the draw 
from the first to the second press-rolls. Should this 
draw be too tight, the web will be pulled knd stretched 
at the edges, and though no cracks may be visible, the 
contraction, and consequent strain, as the paper is 
dried, -will cause the weakened edge to break as the 
draws become tightened towards the dry end. 

Should the draws be all right and the breaking 
continue, the edges should be closely watched for a 
turn of the wire, to see that no dirt has become fixed 
in the meshes, and by hindering the passage of the 
water and the suction of the pumps is causing a weak 
spot near the edge of the web. A dirty or raised seam 
will cause breaking both at the press-roll and the 
calenders. A little vitriol poured on the dirty part will 
generally clean it; but should the dirt stiU remain, 
blowing it with a jet of steam will take it out. 

Not unfrequently dirty spots, more than usually 
difficult to get rid of, will be noticed in the wire after 
the mechanics or joiners have been fitting up new 
boxes about the machine. These are generally caused 
by small pieces of white lead, which have been left 
lying about the boxes, coming away with the stuff and 
being pressed into the meshes by the couch-roll. 

When the trouble is caused by a raised seam, the 
" stent "-roll should be put down a few turns. The 
wet-felt should next be examined, to see that no dried 
stuff or other hard substance has adhered to it near 
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the edge of the web. Should any such hard material 
be coming between the paper and the felt as it passes 
under the press-roll, cracks, only perceptible as small 
dark marks, 'will be made. If this is the cause of 
breaking, the marks will be noticed by examining the 
end of the web just where it has been severed. 

Breaking at the calenders may also be caused 
through having the draws too slack, thus causing the 
paper to fold over at the edge when entering the press- 
rolls. Should the cylinder draws be too slack, espe- 
cially near the wet end, the felts, if they are tight, will 
take up the slack, and in doing so cause very minute 
folds on the edge, which, through being damp when 
calendered, will make a weak spot on the edge of 
the web, 

When making thin papers at a quick speed, the 
press-roll should be kept well down, while the steam 
on the first cylinders should be regulated so as to dry 
very gradually. By keeping the press-roll firmly 
down, the paper is made more dry, and thus more 
easily handled when leading it over the machine. 

When starting very heavy papers, at a slow speed, 
the small plug just behind the apron-board should be 
drawn out, so that the flooding, so liable when starting 
such papers, may be prevented. Sometimes it is 
necessary to change from one revolving strainer to 
another without shutting, and the strainer to be started 
is generally furnished from the chest by means of 
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If the strainers are in such a position that the flow 
of the stuff can be made to supply both of the strainers, 
a much easier and better plan is to put on an inch or so 
more stuff at the stuff-cock, and when the increase has 
had time to travel round the sand-trap to the strainers, 
to allow a little stuff to run into the strainer it is 
desired to start, at the same time running water into 
the strainer being worked, to make up for what is 
passing into the other with the stuff. 

While the strainer is filling up, the weight can be 
regulated by the amount of stuff allowed to flow into 
it, ahd a few minutes before it is full the stuff-cock 
should be put back to where it was before, that is, if 
no change is to be made in the weight. When full, all 
that is required is to open the sluice connecting it with 
the wire, at the same time shutting off the strainer that 
has been in use. 

If a jog strainer, or " knotter," as it is often called, 
be worked in connection with the strainer, the cocks 
will have to be reversed so as to allow the stuff from 
the strainer just started to pass through, when the 
other cock has been shut. 

Though each machine-man has his own method of 
working when putting on a wire, the following direc- 
tions will give an idea of how it should be gone about. 
Before making any preparations to cut off the old wire, 
the machine-man should see that all the pins which 
support the carrying-rolls in their brasses are properly 

secured, otherwise one or other of the rolls may fall 

9 
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The brasses need not be tightened up until the 
coucher lias been put on and the wire ready to be 
squared o(T. The supports for the save-all having 
been put in, the save-all is placed in position, and then 
the tube-mils, one by one, placed in the brasses. If 
care has been exercised in lifting them out in their 
proper order, the numbers on the frame and those on 
tile rolls should correspond without any changing and 
replacing. 

Cure should also be taken to turn all the brasses 
With the same sides to the front, so that the wire will 
Hi- perfectly square. The pump boxes should next be 
put in and the wash-roll lifted into its place, then the 
carrying- rolls and guide-roll placed in position, and 
the wire turned round by the hand, and any dirt that 
may have become attached to it washed off with the 
water jet. 

This done, the stent-roll should be held, supported 
by one at each side, while the coucher is put on, and 
while the machine-man is getting the apron folded down 
the deckles should be lowered, and then the knees and 
slices fixed on. The deckle cones are then lifted into 
their place, the strap having been put on the outside of 
the supports so as to be right when they are in. 

Meanwhile the breast-roll brasses should be 
tightened up, the wire squared off, and the stent-roll 
put down with little more than its own weight. The 
breast-roll guard stick and the stick which keeps it in 
position should then be put in, the guide bar put across 
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and attached to the guide, the wash-roll doctor, and 
wash-pipe fitted up, and the save-all spout placed in 
position ready for a start. The water pipe for the 
breast guard stick should also be put on so that it may 
not be forgotten, and the breast-roll started dry. 

When starting a new wire the wheels of the guide, 
which are acted on by the Strieker attached to the 
journal of the guide-roll, should be placed in the centre 
of the small bars on which they slide. When in this 
position the arm to which they are attached, and also 
the one which moves on the pivot fixed on the frame, 
will be parallel to the wire, and thus the danger that 
the wire may run to the side much lessened. 

Should the position of the spades on the guide-bar 
not allow of this, they should be altered so as to bring 
the arms parallel. Even when these precautions are 
taken the wire will sometimes run to the side, and 
refuse to respond to the action of the guide, thus 
moving the arms, and the wheels actuated by them, at 
an angle to the frame. 

When checked by the hand the wire may steady 
itself in this position for some time, but so long as the 
wheels are so much off the square it cannot be trusted 
to remain steady, as it is sure eventually to yield to the 
guide, and when it does so it will travel back, or 
forward, as the case may be, with such rapidity, owing 
to the guide-roll being so much turned in the direction 
to which it is now running, that unless it is im- 
mediately checked by the hand it will, in all proba- 
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Wben starting the paper do water should be run 
on the roll, though a hand bowl of da; may be 
poured on for some time, and wben it is turned on 
the pipe should be turned so that the water will run 
down the front of the guard-board on to the cover, 
as if the jets play directly on the cover the pile will 
be raised, and the liability to picking much increased. 
Should the paper threaten to lift on the roll, a little 
turpentine or engine suie poured on the cover will 
cause it to go down. 

Much trouble is often caused, when making coloured 
papers, especially blues, with a new couch-cover, 
as the fine fibres which adhere to the pile cause 
a white mark to appear on the surface. If the guard- 
board be passing even a little water, it will cause 
the cover to pick up the stuff just when it runs on 
to the web. A number of brushes weighted with 
lead, in order to keep them steady, placed on the roll 
just in front of the guard-board, will keep the cover 
clean and prevent the marks from appearing on the 
sheet. A little turpentine is a very useful thing to 
have about the machine, as there is nothing better 
for cleaning the edges of the couch-roll, and prevent- 

Iing sticking at the press-roll. 
When the machine calenders have been "sweating," 
and are difficult to start, as is often the case on the 
Monday morning, one or two handbowls of soda lye 
(soda ash) should be poured over them and allowed to 
become dry, when they will usually start away all right. 



CHAPTER X. 

ANIMAL SIZING.— DRYING. 

Animal Sizing. — Before the extraction of the gelatine 
can be proceeded with, the hides or horn piths must 
first be freed from the lime which has been used 
to preserve them. This may be satisfactorily 
accomplished by allowing them to lie covered up 
with cold water for about twenty-four hours, the 
water being changed twice. In order to ensure that 
all the lime has been removed, they may be further 
washed in revolving wire-covered drums for about 
half an hour before being put into the heater. 

The extraction of the size is usually conducted in 
copper-lined jacketed heaters, into the bottom of which 
a wooden frame is fitted so as to allow the size to 
pass through, while keeping back any slime that 
would contaminate it. To make this more secure, 
an openly woven cloth is spread over the wooden 
frame. After the heater has been filled and the heat 
brought up to between 165° to 170 Fahr., the charge 
should stand for 15 to 17 hours before being drawn off. 

J 37 
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Just before drawing off the steam should be turned 
on for a little, so as to make the size run more freely. 
When all the strong gelatine has been run to the 
store tanks, the hides should again be treated with 
water at a temperature of from 180° to 190° Fahr., and 
allowed to stand as with the first drawing. 

The third infusion may be heated to about 200 Fahr., 
while the fourth, if there be a fourth taken off, may 
be boiled for an hour or so. The amount of water 
run in to the heaters for the different infusions must 
be regulated by the strength of the size required. 
The size should be run through a flannel cloth laid 
over a fine wirecloth sieve. 

The infusions may be arranged so as to run off 
a first and fourth together, and a second and third 
at the same time; but this, too, depends on the 
strength of size wanted. About 2.\ per cent, of white 
soap should be added to each drawing, and thoroughly 
mixed before the alum is put in, otherwise the size 
will curd. The alum added equals about 30 per cent, 
of the weight of hides or piths infused. 

The alum is added with the idea of preserving 
the size, and the soap in order to prevent the sparkling 
caused by the alum, and to improve the surface when 
calendering. As the alum is in excess the soap is 
decomposed, with the result that the fatty oils thus 
liberated tend to enable the paper to take on a better 
finish. 

bottom of the chests used to hold the size 
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a lead-covered steam-pipe should be laid, -in the form 
of a coil, so that the size may be heated, and thus 
made to run more easily before being pumped through 
the pipes to the sizing tub. If the chests be lead- 
lined, the inside should be rubbed with lard, so as to 
prevent the size from adhering to it. 

Some sizing tubs are fitted so as to carry the 
paper immersed in the size until just under the rolls, 
which remove the excess taken up; but the best 
results are obtained when the web is raised from the 
size just after passing under the dipping-roll, and 
exposed to the air in its passage over the spared 
frame or the carrying-rolls. When the stuff is free, 
the tub has to be replenished more often than when 
it is soft, and though a larger amount of size is taken 
up, the paper is softer to handle and wets much 
easier. 

This is owing to the mussy nature of the fibres, 
which from being cut up so quickly in the beater 
are unable to retain the engine size, and thus, though 
more absorbent, and more permeated by the gelatine, 
they lack the firmness to support the size coating 
in such a way as to produce a grippy paper. This 
is especially noticeable if steam is being used to clear 
knots, or render the stuff more workable on the 
wire. 

When working the Marshall beater the sizer rolls 
are less apt to "peel" than if the stuff is prepared in 
the ordinary form of beater. This proves that there 
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less powdery stuff made in the passage through 
the perfecting engine than when the stuff is reduced 
to a fine state by the repeated action of the roll. 

If this peeling is caused by the use of steam, as is 
often the case with grass papers, a little extra starch, 
added either to the stuff in the chests or put down 
with the next engine, will help to counteract the soft- 
ness and make the paper less apt to adhere to the 
rolls. If this does not cure it, a piece of wood covered 
with felt should be pressed against the top roll in the 
same way as the guard-board on the coucher. 

When the paper is not run through the second press- 
rolls, the rough underside will not readily take up the 
size, and much trouble from streaks on the underside 
is often caused by this irregular sizing. This can be 
cured by fixing a narrow piece of wood against the 
sides of the tub, so that it will be beneath the level 
of the size near to the dipping-roll. As the web passes 
between this and the dipping-roll the rubbing against 
the underside spreads the size equally over it, and the 
streaking at once disappears. 

To prevent the froth made by the dipping-roll from 
passing round and being carried away on the web, 
a narrow piece of felt, or even a piece of thick twine, 
should be tied to the sides of the tub so as to press 
against the surface of the dipping-roll along its length. 

When sizing strong rag papers, or, in fact, any thin 
papers containing rags, the top roll should never be 
raised in the least, because when raised the knots and 
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strings liable to be carried away with such papers are 
not flattened, and in further raising the roll allow the 
size to pass through and cause sticking when running 
on to the drier. 

On thick papers made from fine stuff, hanging the top 
roll a little often saves a great deal of labour in keeping 
it free from the powdery stuff which is so apt to 
adhere to it. 

For thick or medium weight papers made from hard 
stock the size should be heated a little, so that it 
may penetrate it more readily; but for light weights 
it should be worked with as little heat as possible, 
as being so thin the paper is soaked more readily, and 
is liable to become so softened that it will scarcely 
bear its own weight going over the carrying-rolls. 

By heating the size a poorer quality may be used, 
though this is partly equalised by the increased amount 
taken up by the paper. When paper is reeled at the 
sizer and allowed to stand for some time before being 
dried, it will have a much harder rattle and be better 
sized. 

High-coloured papers are, however, very liable to 
fade when standing, owing to the action of the alum 
contained in the size. The edges are also very apt 
to stick together and tear, through the size having 
become dry, unless they are washed with hot water 
once or twice while standing. The drier and cooler 
the web i$ when it enters the size the better will the 
sizing be accomplished. 
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When not perfectly dry the paper has a soft, mussy 
feeling after drying, owing to its having taken up less 
size through being moist when passing through the 
tub. 

Drying,— Notwithstanding the common belief that 
paper dried more by the action of the fans than by 
steam heat is the better sized, the reverse is the case. 
If the steam be checked and the fans driven as hard 
as possible, the paper, though dry, will not have a 
hard grippy feel. When as many of the fans as 
possible are stopped and the steam turned on full, 
the result will be a strong sized paper with a firm 
hard rattle. 

This would seem to be somewhat at variance with 
the undoubted fact that loft-dried papers are better 
sized than similar papers dried on the drier, but it 
must be borne in mind that the results obtained by 
exposing paper to the action of dry air for hours 
cannot be taken as supplying a theory for the treat- 
ment of papers dried in scarcely half as many minutes. 

In order to obtain the best results on the drier, 
the fans in the first portion should not be driven too 
hard, while the sttam should be kept up. In the 
latter portion the speed of the fans should be increased 
and the steam checked. 

When drying thin paper made wholly or in large 
proportion from linen rags, it is often a matter of great 

k difficulty to get it to run flat. If the drier is driven 
I 
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at the same speed as the machine with such papers, 
the "cockling," as it is termed, will be worse. 

When thin papers enter the size they are usually 
very hot and dry, consequently the fibres have become 
drawn together ; but before the web has reached the 
size-rolls it will have expanded as much as three- 
quarters of an inch more than it measured when it 
entered the tub. This expansion takes place with 
all papers ; but owing to the size being worked colder 
on thin papers the reaction is more sudden, and 
consequently the liability to expand unequally much 
greater. 

When sizing strong cartridge papers, which are usually 
finished rough, and therefore wanted as flat as possible, 
the size should be hot. Running such papers straight 
on to the drier from the sizer, without reeling, helps to 
flatten them, and if they are wound against a revolving 
drum the pressure, as the roll gets larger, also tends to 
flatten them out. One drawback to running the paper 
straight on to the drier is that the alum in the size 
does not get time to penetrate into the pores, and the 
under side is apt to become covered with glistening 
specks. 

To cure this the size should be made up with a 
larger quantity of soap, reduced in strength and heated- 
It is the practice, in some mills, to run the paper over 
a hollow drum filled with cold water and kept cool by 
a stream of water running through it. Paper cooled 
in this way sizes better and runs flatter; but with 
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particular papers the better plan is to reel them at 
the machine and allow them to stand till cold before 
sizing. 

When drying such papers the drier should not be 
driven harder than about sixty feet a minute, while 
a good heat should be kept up. Even when standing 
no longer than it takes to change the speeds, paper 
made and sized at a hundred feet a minute, when dried 
at sixty feet with the same steam pressure, but with 
fewer fans running, will hardly be recognised as the 
same, it will feel so much firmer and be so much better 
sized. 

Paper allowed to stand after sizing is always more 
difficult to dry, owing to the size having penetrated 
into the pores, and this is more noticeable on damp, 
wet nights, when the air about the roof of the drying- 
house is more moist and less able to absorb the 
steam. 

When drying papers to be finished rough the guiding 
tapes should be run to the side as soon as the web 
has fairly started, and only put on again in time to 
keep the tail from trailing on the wire frame which 
usually covers the steam pipes used for heating. 
Formerly it was thought that three or four tapes on 
top and bottom were necessary, but one from the top 
and one from beneath are quite sufficient, and there 
is less risk of marking the paper than when more 
are used. 









In the drying of loft-dried papers the temperature 
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of the loft must be kept as near that of the ordinary 
summer atmosphere as possible, and as much advan- 
tage as possible should be taken of the atmospheric air, 
when sufficiently dry, to be admitted to the loft without 
risk of making the papers mussy after drying. 



J 





GLAZING AND BURNISHING. 

When paper is glazed by the calenders attached to the 
machine, it is usually damped before being put through 
the calender rolls. Prior to this, however, it has 
generally passed between what are called the smooth- 
ing rolls, which are situated just before the last set 
of drying cylinders. These usually consist of two rolls 
heated by steam, though not to the same extent as the 
calender rolls. 

By keeping the paper a little damp as it passes 
through these smoothing-rolls, and not heating the last 
cylinders any more than is necessary to prevent damp 
spots, the surface imparted by the calender-rolls is 
much improved. When a good surface is wanted the 
stuff must be kept fine, as long stuff, though taking 
on a good finish, always rises up in the sheet, causing 
a roughness, especially on the underside. To quote 
the remark of a shrewd old paper-maker — " It's just 
like smoothing sand and smoothing gravel." 

Even papers made from long stuff are very liable to 
lose their surface, owing to this rising of the longer 






DAMPING. 147 

fibres, unless the pressure in glazing is sufficient to 
thoroughly close the sheet. The improvement which 
can be effected on the surface by finer stuff is greater 
than is usually supposed. 

The author knew a machine-man who used regularly 
to get his beater-man to empty a finer engine as soon 
as possible after his shift came on, with the result that, 
when the foreman came round, in about an hour and 
a half, to inspect the surface, the paper then being 
made was very mch higher in finish than that made 
just before the outgoing shift had dropped off work. 

The form of damper usually employed to moisten 
the paper before it enters the calenders consists of 
two hollow copper drums of about 15 or 16 inches 
diameter, though, of course, they may be of any desired 
size. These drums are filled with cold water, and kept 
cold by means of a continuous flow passing through 
them. 

A copper pipe, perforated with numerous very 
minute holes, is placed along the front of each of the 
drums, so that the steam which is blown from the 
holes will condense in the cold drums. The drums 
are so placed that when the paper is running over 
them one will come in contact with the top and the 
other with the under side of the paper. The moisture 
deposited on the drums by the condensation of the 
steam is thus carried away on the paper, and helps 
greatly to improve the surface when subjected to the 
pressure and heat of the calender-rolls. 
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Owing, however, to the moisture thus applied being 
merely on the surface, and not having time to penetrate 
into the paper, the high finish thus obtained is very 
liable to go back. A little sperm oil should be poured 
on the drums just at the edges of the web, so that 
the water may be prevented from passing on to the 
calender rolls, and so causing rust on the edges. 

Printing papers, on which a very high finish is 
wanted, are often glazed on the super-calender, after 
having been given a good machine finish. The contact 
with the alternating metal and cotton, or paper-covered 
rolls, has the effect of imparting a velvety feel, un- 
obtainable by the passage through the machine 
calenders. 

A little of an alkaline soap, made by dissolving 
white soap in caustic lye, is often added to the pulp 
in the engine, in order to improve the surface. 

When paper is damped before glazing on the super- 
calender, the rolls must be worked at a heat sufficient 
to dry it. The cooler the paper to be damped is made 
the greater will be the amount of water absorbed, 
without causing the rolls to "bag" when winding on 
the damper, and the more pressure will it bear in 
passing through the rolls. For this reason both tub- 
sized and engine-sized papers should be allowed to 
lie in a cool place for some time before damping. 

To obtain a surface which will not be liable readily 
to go back, the pressure must not be too heavy, nor 
must the rolls be worked with too much heat. It is 
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much better for the appearance of the paper to put 
it through twice than to work heavy pressure, and 
glaze with one passage only. The amount of pressure 
which can be applied without unduly crushing the 
paper depends very much on the stock from which 
it is made. 

Papers largely composed of straw require a good 
pressure, in order that they may be closed so as to 
avoid the rising before referred to. This is especially 
the case when such papers have been damped. 

Owing to the hard nature of their ultimate fibres, 
wood and straw papers are very liable to become 
wrinkled when damped, and this will be more notice- 
able if they have been hot when put through the 
damper. Should papers consisting wholly, or in large 
proportion, of wood become too dry on the calender 
rolls, they will be very apt to break, owing to their 
hard, brittle nature. 

In glazing highly-finished paper for magazine and 
illustrated work, in which the surface and not the 
appearance is of the first importance, the pressure 
applied in the super-calender is often such as to cause 
all the sheave and gritty matters to show up. 

In glazing high-coloured papers made from coarse 
stock which has been kept long in the engine, very 
heavy pressures are necessary, in order to obtain the 
degree of finish usually imparted to such papers. 
Quite a common pressure for that class of papers is 
about II tons on each end of the calender, while some 
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of the most recently fitted up calenders are supplied 
with weights equal to 50 tons. 

At all times, but especially when glazing tinted 
papers, the greatest care must be exercised to keep 
the heat of the rolls as uniform as possible, as care- 
lessness in this respect is very often the unsuspected 
cause of the appearance of shades. This applies with 
even greater force to the burnishing calender, as even 
a slight variation of the heat of the burnish ing-roll 
will cause shades to appear. 

A good plan to prevent the overheating of the 
burnishing- roll is to let both steam and water into it, 
so that it may be quickly cooled down should the heat 
become too strong. 

In friction glazing, as in super-calendering, the best 
results can be obtained by working with little or no 
pressure, and putting the paper through more fre- 
quently. To keep the burnisher working smoothly, the 
wax should be frequently applied, so that it may not 
dry and crack the paper. Should the paper be too 
damp when glazing or burnishing, it will be liable 
to become blackened. This blackening is sometimes 
attributed to the want of wax on the burnisher, but 
neglect to put wax on the roll, though a very frequent 
cause of cracks, will not, under usual conditions of 
working, be liable to cause it. 

The surface imparted to paper glazed in a properly 
constructed plate calender is much more silky than the 
finish obtained on the super-calender. This is due to 
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the pressure on the plate calender being so much less, 
and thus the original elasticity of the fibres is pre- 
served to a much greater extent. 

This has the effect of making plate-glazed papers 
bulk much better than similar papers finished on the 
super-calender, and in addition they have a more 
mellow appearance. Great care must be exercised that 
the plates used are free from gritty matters, otherwise 
the papers will be very liable to become indented and 
rendered rough on the surface. 



CHAPTER XII. 

CUTTING.— FINISHING. 

Cutting. — The first thing to be done when preparing 
to start a revolving cutter is to place the roll with 
least breaks — that is, if those to be cut are not free 
from breaks — in the bottom bracket nearest to the 
feeding-rolls. 

The reason why a roll without breaks should be 
put there is that any breaks or cracks on the others 
may be led over the boards and through the rolls 
without the risk of catching and tearing, being sup- 
ported on this under web. As this roll is also the 
guide when setting the circulars, the one put on 
should be as evenly wound as possible. When 
this roll has been put on, and before any of the 
others are lifted into position, the paper should be 
torn perfectly square, and, after folding, put carefully 
into the feeding-rolls. 

The utmost care is necessary that it may not be 

slanted, even in the slightest degree, as should it 

be even an eighth of an inch off the square, the 

isa 
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circulars will be set fully an inch off the line ; and if 
the brackets cannot be altered to bring the sheets 
right, there is nothing for it but to shut down and put 
the circulars into line again. 

The number of rolls which can be cut at one time 
depends on the condition of the cross-cutting knife ; 
but even with a sharp knife six rolls of the substance 
of large post 21 lbs. is a heavy filling. 

Should the filling be too heavy, the under sheet 
is very liable to be torn in a peculiar manner, very 
difficult to detect, unless the cutter-man knows where 
to look for it. This tear is usually of a small semi- 
circular shape, somewhat irregular, however, and as 
it is on the under sheet it may run for some time 
before it is noticed. It is torn off just when the cross- 
cutting knife is passing the dead knife, and falls down 
on to the carrying-felt. 

When this tear makes its appearance, which will 
be either when the filling is too heavy or the knife 
too blunt, the best plan is to break off one of the 
rolls, and thus allow the knife to go through the 
remaining sheets without any shock. 

Great care must be exercised, when setting newly- 
sharpened circular knives, not to press them against 
the under knives until the fine wire edge has taken 
on a skin. To bring up this skin, they should be 
gently rubbed with a fine file. A good plan is to 
put a piece of thin copying or tissue paper between 
the block and the knife when setting for the first 
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day or two, and as the edge becomes hardened gradually 
to bring them closer. 

When new the cross-cutting knife needs little 
attention; but the parts not cutting the paper should 
always be kept well oiled, so that there may be no 
attrition as they come in contact with the dead 
knife. 

When letting out the spring nearest the front of 
the cutter, it must be done very cautiously, and 
after doing so the knife should always be driven 
through with the hand, to make sure that it is not 
too far out. Should it be too much sprung it will 
lock into the dead knife and seriously damage both. 
Should the cross-cutting knife miss at any point, 
the portion on each side of it must be rubbed down 
with a file so as to bring them to the same level 
as the point which is missing. 

The feeding-rolls must always be kept free from 
oil, especially the jacket, as should any get on to 
them they will slip over the paper instead of draw- 
ing it in regularly, and cause short and long sheets. 
This may be detected by watching the feed of the 
paper, as if the rolls are slipping it will be very 
noticeably irregular. When oil has got on to them 
a rub with a cloth moistened with turpentine will 
take it off immediately. 

Should the paper be badly cut, it should be closely 
watched between the tube-rolls and the cross-cutting 
knife, and, if any lurch is seen then, the screw of 
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the pulley wheel must be looked to, as, if it has 
become loose, it will cause the paper to be unevenly 
cut. The screws of the spur-wheels must also be 
kept tight, or the cutting will be very defective. 
Should the cutting be bad, owing to a backlash on 
any of the pinions, a piece of clean leather inserted 
between the shaft of the cross-cutting knife and the 
brass at the back of the cutter, and firmly wedged 
down by means of the collar, will remedy it. 
Though it is useless unless the shaft heats a little, 
care must be taken to keep it moistened with oil to 
prevent undue heating. 

When the length of the sheet being cut is 50 
inches and upwards, some difficulty may be ex- 
perienced in keeping the sheets from rushing against 
the revolving frame, owing to the slow revolution 
of the cross-cutting knife compared with the speed 
of the other portions of the cutter. 

To cure this, two of the blade screws should be 
unscrewed, and a long sheet of paper or clean wrapper 
screwed between them opposite to the paper. These 
sheets are allowed to hang like flags, and as they pass 
round against the paper serve to drive down the 
sheets on to the carrying felt. 

When cutting a short sheet of perhaps 14 inches, 
or nearly the length of the fall between the dead 
knife and the felt, the heaving felt is very liable to 
come against it just as the cross-cutting knife is going 
through, and thus both uneven and badly squared 
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siircfs art the result. A piece of thick twine stretched 
across the cutter, on the top of the paper, an inch 
or two back from the dead knife, will generally cure 
this ; but it is rather dangerous mending a break 
on the top roll when it is on, as the cutter-man 
must lift the string with his fingers, to allow the 
t;iil of the paper to pass under. In such a case the 
better plan is to shut and lead it under, when it can 
be done with perfect safety. 

When cutting friction-glazed paper the feeding-rolls 
will not take more than three rolls at a time with 
lecurity, unless the brasses are wedged and firmly 
pressed down at both ends, when six rolls may be cut 
at once and nothing go wrong. The high polish on 
the paper, together with the wax applied at the 
burnisher, causes the middle sheets to slip so much 
that they will often be as much as an inch short, while 
the top anil bottom sheets are quite right- 
As there is not usually a guard on the rolls, this 
pressing is not to be recommended, on account of the 
danger when mending breaks. Should even a small 
piece of broke run round the under feeding-roll, the 
size of the sheet being cut will be instantly raised, 
though no harm will result should any run round the 
top roll. 

Should the circular or block knife, running out of 
gearing between those which are cutting, be left slack, 
either the one or the other will be sure to slide along 
the shaft until they nearly meet, making a long straight 
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line on the paper, which, though not easy to detect, 
neither plate calenders nor anything else will take out 
again. 

When the circulars are dull, and the machine cutting 
friction-glazed or even ordinary papers with a narrow 
selvage, the knives at the edges will cut the sheets 
very unevenly, which will soon be noticed, as sheets 
cut in this way are generally about a quarter of an inch 
broader than the size. 

The best cure for this is to shut and drive a nail 
into the board between the feeding-rolls and the knives, 
and opposite each circular, which is cutting the bad 
edge, to hang a folded sheet (not more than two plies) 
on to the nail, and then lead it over and underneath 
the board, so that when the cutter is started it will run 
into each circular and hang there, being clasped on the 
nail. 

Should a break on the top roll run over instead of 
between the tube-rolls, when cutting square paper, the 
sheets are liable to be cut off the square, though when 
cutting angle little or no difference is caused. The 
belt which runs over the expanding pulley should always 
be kept tight, as should it be left slack the sheet will rise 
in size from 1 inch to 4 inches. In fact, from the drags 
which hang on the rolls, upwards, everything must be 
kept tight in order to ensure regular cutting. 

If the feeding-roils are creasing the paper, the edge 
where the crease runs out should be eased slightly in 
order to put the crease away. Should this be in- 
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effectual, easing the tube-rolls will slacken the strain 
and also help to put the creases away, but when 
altering the tube-rolls care must be taken that the 
square is not altered. Tissue and copying papers are 
most liable to crease, and sometimes the top tube-roll 
has to be taken out altogether in order to prevent 
creasing, though, usually, lifting it about one turn of 
the screw at each side will be sufficient. 

To prevent creasing at the feeding-rolls the top one 
should be lifted, after all the tails are in, and the size 
measured ready for a start, and a long strip of soft felt 
about two inches broad wound round each end and 
made to adhere by means of resin, so that it may not 
come off, but press on the paper above the selvage 
which the end circulars are taking off. Enough felt 
should be put on to admit of the jacket being raised 
about one-sixteenth of an inch above the paper. 

The cutter should not be allowed to run longer than 
two or three minutes without paper if the knives are 
in gearing, because, should they become heated by 
friction, they are very difficult to put right again. For 
the same reason care must be taken that no part of 
the knife outside the breadth of the paper is left hard 
pressed. 

Should the knife be blunt and any part of it pressed 
hard up by means of the springs in order to make it cut, 
the square is very liable to be altered, and while the 
back sheet may be all right the front one will some- 
times be half an inch off the square. This is most 
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liable to occur when the centre springs are pressed up, 
and may be remedied by inserting five or six plies of 
wrapper underneath the metal plate at the back of the 
dead knife. This wrapper may either be put in at 
the front or the back, according to whether the square 
is off the one way or the other, and the thickness of 
the plies can be regulated so as to give the distance 
that the sheet requires. 

The number of inches which the carriage requires 
to be moved when altering the draw depends on the 
angle or dip at which the frame is built. When finding 
the square the sheets must always be taken from the felt 
in the one direction and folded in the same way, that it 
may be readily ascertained whether they are over or 
under, should they require altering. 

When changing from the single to the double draw, 
the square, though quite right when running the 
single sheet, will, owing to the slow revolution of the 
cross-cutting knife, be found to be under the size, the 
variation depending on the length of the draw. Should 
the draw have been lengthened the carriage will re- 
quire to be drawn out a little, and when changing back 
to the single draw it will have to be put in again. 

In cutting angles the brackets should be drawn as 
near to the front of the cutter as possible, so that the 
backside sheet will have a shorter distance to travel 
over the boards ; and care must always be taken when 
making, that the papers are not too broad for the cutter, 
as, if so, the points of the sheets will run straight into 
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the frame instead of down the felt. The second tube- 
rolls, worked when cutting angles which come up to 
about forty-five degrees, and sometimes over that, must 
always be perfectly square, or they will draw in the 
paper unevenly. 

When the tube-rolls are not drawing quick enough 
to keep the paper tight, a turn or so of paper wound 
round them will draw it up quite tight. When this 
paper is put on it should be kept about an inch clear 
of each edge, otherwise the rolls are very apt to knock 
small holes or cracks into the sheets. 

If the feeding-rolls have been pressed for burnished 
paper, the blocks must be taken out before cutting 
papers such as cartridges, which are usually finished 
rough, as the hard-pressed jacket would put a glaze 
on that portion which passed under it. The string 
across the dead knife should never be used when the 
draw is fifty inches or upwards, as the slow motion 
of the knife sends the paper over it, and thus makes 
it dangerous for the square. 

When starting a new knife on the English cutter, 
care should be taken to see that it will go through 
without becoming locked ; and with new or newly- 
ground circulars the same precautions should be em- 
ployed as mentioned in connection with the revolving 
cutter. 

Should the feeding-rolls slip, and thus draw the 
paper unequally, a piece of thin paper wound round 
the top roll will make them draw much better. While 
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the " dancer n must not be allowed to fall too far down, 
the paper must not be drawn so tightly as to raise it 
against the platform, or it will be sure to cause a 
break. 

When quickening the speed of the drum by means 
of the screw attached to the arm, in order to bring 
up the name, the belt should be put up the cone a 
little in order to bring up the draw from the reel, 
and thus prevent the "dancer" becoming too much 
drawn up. 

When the cross-cutting knife misses it should be 
raised up a little by means of the screw ; this should 
be done very carefully, in order to avoid the risk of 
bringing it too far up, and thus causing it to grip the 
dead knife. 

When cutting lined paper it may happen that the 
lines do not come exactly parallel when the sheets are 
folded, owing to the dandy not having been set 
perfectly parallel on the machine. 

This may be remedied to a great extent by winding 
thin strips of paper round the " dancer " at the side 
where the lines are farthest ahead. This has the 
effect of drawing the side to which it is put so much 
back as to bring up the side which is farthest off the 
parallel. 

Finishing. — The different stages through which the 

paper passes in the salle are entirely dependent on 

the qualities produced in the mill, and thus the degree 

II 
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of overhauling to which it is subjected varies with the 
requirements of each different mill. As a rule, the 
higher the quality and price of a paper the more 
closely is it overhauled, and, consequently, the greater 
is the proportion of retree laid out. 

During the last year or two the engine-sized machine- 
finished papers have reached to such a degree of per- 
fection that it would almost seem as if eventually the 
better qualities of tub-sized papers would be driven out 
of the market altogether ; and, consequently, the engine- 
sized papers have to be much more closely overhauled 
than was thought necessary several years ago. 



CHAPTER XIII. 
MICROSCOPICAL EXAMINATION OF PAPER. 

Notwithstanding what has been written about the 
reagents necessary to enable the microscopist to 
distinguish the various fibres after they have been 
made into paper, they are of little practical use. The 
reason of this lies in the fact that the groups into 
which the fibres can be separated by means of 
these reagents are those which are most easily dis- 
tinguished without their use. 

The reagent most commonly used is a solution of 
iodine .in potassium iodide. Cotton, flax, and hemp 
fibres, when moistened with this reagent, are coloured 
a dull red violet; esparto, straw, and chemical wood 
fibres are' nearly colourless, excepting the brownish- 
yellow tinge of the solution. Unbleached, or imper- 
fectly bleached, wood and jute show this yellow tinge ; 
but, owing to the presence of the incrusting substances, 
it is much more distinct. 

In order to render the colours more distinct, a dilute 

solution of sulphuric acid may be used to moisten the 

163 
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fibres, after they have been in contact with the iodine 
for some time. For the student of paper-making, who 
merely wishes to become acquainted with the physical 
characteristics of the various fibres, and thus be able 
to determine the materials of which the papers which 
may come under his notice are composed, a very good 
beginning may be made with a microscope provided 
with optics magnifying from 80 to IOO times. 

The glass slides and covers used in mounting can 
be had from any chemical dealer, and cost very little ; 
while the teasing needles can easily be made by in- 
serting the thick end of an ordinary needle in a small 
piece of wood, or the handle of a crochet needle, and 
bending the point to the desired angle, after having 
heated it in the gas. 

A small bottle of glycerine, for softening and ren- 
dering the fibres more transparent, should also be 
procured, and a pair of small forceps will be required, 
in order to lift on and off the glass covers. 

Before beginning to examine paper, specimens of the 
different fibres, after they have been reduced to half- 
stuff, but before treatment in the beater, should be 
mounted, so as to be ready to hand for comparison. 
Suppose the first of these specimens to be prepared 
is that of esparto grass, a small piece of which has 
been obtained from the presse-pdte web. As the ulti- 
mate fibres are not firmly felted together, they yield 
very readily when drawn apart by the needles. 

A small piece should be placed on the slide to be 
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used, and having been covered with a drop of glycer- 
ine, should be separated into ultimate fibres by means 
of the teasing needles. It is much better to examine 
three or four isolated fibres than a complicated net- 
work, as by doing so the characteristic structural 
details, together with the length and the formation of 
the ends, can be much better seen. 

Papers to be examined should first be boiled for a 
few minutes in a dilute alcoholic solution, in order to 
remove the size coating from the fibres. Even when 
aided by reliable specimens, the work of distinguishing 
the various fibres is at first attended with difficulties 
which can only be overcome by much practice. 

By using dilute colouring solutions of carnation or 
magenta when mounting, the characteristic appearance 
of the upper skin is more distinctly brought out. 
When working with a low power objective, the field 
is enlarged, and thus the whole length of the fibres 
brought into view, with the result that a much better 
idea of the comparative proportions of the different 
fibres is obtained. For this reason, the objective em- 
ployed for ordinary work should not exceed 100 to 150 
diameters. 

The advantage of becoming thoroughly accustomed 
to view the fibres under such a magnification will be 
much appreciated when a higher power is substituted, 
in order to render the structural details of any fibre, or 
group of fibres, more apparent. When changing the 
objectives from a low to a high power, the proportions 
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must always be borne in mind, as fibres which present 
a similarity of appearance, though differing as to length 
and diameter, are, at first sight, apt to be confounded. 

For instance, esparto, especially Spanish, may some- 
times be mistaken for linen, as seen under the lower 
power, owing to its enlarged appearance. If it is 
possible to obtain a little of the pulp just after fur- 
nishing, and before the roll has had time to reduce it, 
and, again, as it is ready to pass over the machine, a 
very good idea of the effect of the treatment can be 
obtained. 

The quickest way to mount such a sample is to 
dilute it with water until it is thin enough to be viewed 
by transmitted light, and then pour a little into a small 
glass live box, when it is immediately ready to be 
examined. Viewed in this way, the fibres are much 
less transparent, owing to the absence of the glycerine, 
and thus the appearance of the external parts is much 
easier noticed. Examined in this way, cotton fibres 
will be seen to be quite opaque, while the transparent 
central canal of linen fibres will be very apparent. 

Cotton fibres consist of opaque, flattened, ribbon-like 
tubes, frequently twisted upon themselves. The side 
walls are thin, while the central canal is large. The 
outer skin is rough and granulated, presenting, when 
dry, a dark, opaque appearance. When moistened 
with glycerine or Canada balsam it loses this dulness 
and becomes transparent On examining the fibres 
before beating, one end will be seen to taper away at 
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a slight angle to a fine point, while the other takes the 
form of an irregularly flattened knob. 

Linen fibres are long and, like cotton, tubular ; but 
the side walls are much thicker and firmer, while the 
central canal, though smaller, is easily distinguished 
by its transparency, even when no glycerine has been 
used in mounting. They are smaller in diameter than 
cotton fibres. Sometimes linen fibres, notched like a 
bamboo-cane, are met with, though usually the side 
walls are smooth and regular. (See Plate VI., 
Fig. 11.) 

Hemp fibres are somewhat like cotton in that 
they are flattened in the same way and have a large 
diameter; but they are not twisted upon themselves 
in the manner characteristic of cotton fibres. (See 
Plate I., Frontispiece, Fig. 2.) 

Manilla fibres have a larger diameter than hemp, 
and the side walls are well defined, making the central 
canal, which is large, very easily seen. The side walls 
are more uniform than those of the cotton fibres, and 
present a more lustrous appearance when mounted in 
glycerine. (See Plate VI., Fig. 12.) 

Jute fibres have unequally thickened side walls, 
which, however, are smooth externally. The fibres 
are very seldom completely free from incrusting 
matters, which, when dry, obscure the central canal. 

Wood fibres, especially those from pulp prepared by 
the sulphite methods, are transparent. They resemble 
cotton fibres in their flattened, ribbon-like appearance, 
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■in easily be distinguished from them by their 
stiff, rigid, wooden-like form. Not infrequently, wood 
fibres, twisted upon themselves like cotton, are met 
with. They are long and of large diameter, while 
those from the pine woods show numerous small 
vessels or dots. When dry the upper skin is rough 
and granulated in appearance; and this is especially 
noticeable in " sulphate " pulp. When mounted in 
glycerine they become very transparent, and it is only 
by carefully gauging the focus that the characteristic 
dots can be brought into view. (See Plate V., Fig. 9.) 

Esparto fibres consist of short, smooth tubes with 
finely tapered ends. The central canal, though small, 
owing to the thickness of the walls, is quite apparent. 
Esparto can easily be detected, though present in a 
small proportion, in a paper, owing to the characteristic 
serrated cuticular cells which are so easily recognised. 
(See Plate V., Fig. 9.) 

The ultimate fibres of straw, though similar in 
appearance to esparto, are smaller both in length and 
diameter, and the ends are more pointed. The rigidity 
and smoothness of the side walls are very apparent 
The cuticular cells vary in form with the different 
kinds of straw from which the pulp has been prepared. 

Straw pulp also contains small oval-shaped cells, 
which are derived from the soft, pulpy matter of the 
stem, and, when seen, are a sure indication of the 
presence of straw. While most of the fibres are 
smooth and regular, sometimes they will be seen to 
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present a peculiarly jointed appearance, which serves 
to distinguish them from the smaller esparto fibres. 

The fibres of mechanical wood present a short 
tangled appearance, and are bound together, by means 
of the incrusting substances, into small bundles. The 
presence of these incrusting matters causes them to 
be dark and opaque ; and it is for this reason that 
mechanical wood is used to prevent the transparency 
imparted to papers made from highly bleached sulphite 
pulp. (See Plate HI., Fig. 6.) 

The presence of mechanical wood in a paper may 
be detected by means of a solution consisting of equal 
parts of sulphuric and nitric acids, a few drops of 
which will produce brown stains on paper containing 
mechanical wood. A solution of aniline sulphate 
forms a very good reagent for the detection of mecha- 
nical wood, owing to the deep yellow stain which it 
produces on paper containing it. 

Though the difficulties in the way of making a 
quantitative examination of paper are great, yet to 
the paper-maker who has already become expert in 
distinguishing the various fibres in the finished paper, 
such an examination is quite within the range of 
possibility, providing that he can obtain samples, the 
authentic composition of which is known, from which 
to prepare standard specimens. 

The first and chief difficulty lies in the obtaining of 
such samples ; but should he have access to the beating 
department of the mill, he can, as the result of some 
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little attention and practical knowledge, obtain samples, 
the percentage composition of which is accurate enough 
for all practical purposes. 

A very convenient way of preserving these samples 
is to fill a number of small glass-stoppered bottles with 
the different samples, the percentage composition of 
which is known, taken from the machine breast-box, or 
better, as it settles down between the first and second 
slice. 

When it is desired to mount such stuff, a small drop 
of it should be lifted out by means of a glass tube 
drawn out to a fine point. Before doing so, however, 
care must be taken to shake the bottle vigorously, in 
order that the portion examined may represent the true 
composition of the whole. 

After the drop has been placed on the slide, the 
excess of water should be removed before putting on 
the glass cover, in order that the fibres may not be 
carried out of the field when the cover is pressed down. 
This may be accomplished by carefully sucking it up 
by means of a slip of good blotting-paper cut to a fine 
point, care being taken that none of the fibres are 
disturbed, or made to adhere to the blotting-paper 
when so doing. 

A very good plan is to place two specimens of the 
stuff, or paper, on the same slide, mounting the one in 
glycerine or dilute alcohol, without the addition of a 
colouring agent, while the other is coloured with a 
dilute solution of carnation. If preferred, a drop of 



nato vu, 




Fig. l^-Cmsj C\.f 



QUANTITATIVE EXAMINATION OF PAPER. 171 

stuff may be mounted alongside a piece of the finished 
paper, when it will at once be seen whether the action 
of the shake, or the contraction on the drying cylinders, 
has had any effect in altering the distribution of the 

As the knowledge of the composition of the papers 
examined depends for its accuracy on the results 
obtained by comparison with the standard samples, it 
is obvious that, in order to obtain satisfactory results, 
no care must be spared in order to insure that the 
standard preparations may be trustworthy. 

When it is considered that the composition of a 
paper may, through the addition of even a small 
quantity of "broke," reduced by the edge-runner, or, 
it may be, furnished to the potcher with the grass, 
become very complicated, the difficulty of obtaining 
trustworthy samples will be understood. 

The degree of fineness to which the fibres have 
been reduced in the beater must also be taken into 
consideration, as the ultimate fibres of rags and wood 
are, owing to the length, more liable to become cut 
up under the action of the roll than those of esparto 
and straw. The presence of fibres added as " broke " 
is much more easily recognised in papers made from 
long stuff, owing to the greater degree of fineness to 
which they have become reduced, consequent upon 
their having been in contact with the rolls and plates 
so much oftener. 

Viewed microscopically, the various forms of load- 
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ing are seen to be possessed of features sufficiently 
characteristic to make their detection a matter of no 
great difficulty, especially after the microscopist has 
gained a knowledge of these characteristics. The 
finely-divided particles of which barium sulphate is 
composed are seen to differ from those of china clay, 
in that they are mostly wedge-shaped, while the clay 
particles are irregularly rounded in form. 

Pearl hardening is composed of minute needle-shaped 
crystals, the peculiar form of which makes them easily 
recognisable. (See Plate VII., Figs. 13 and 14, and 
Plate VIII., Figs. 15 and 16.) 



CHAPTER XIV. 

TESTS FOR INGREDIENTS OF PAPER. 

Animal Size. — The presence of animal size in a paper 
can be detected by means of the reaction with tannic 
acid. A piece of the paper to be tested is torn into 
small fragments and placed in a test-tube. A small 
quantity of distilled water is then poured in, and the 
tube held over the gas for some time in order that 
the boiling may extract the gelatine, and at the same 
time concentrate the solution, so that the reaction may 
be the more easily noticeable. 

When it is considered that the size has been ex- 
tracted the boiling should be stopped, and after cooling 
the tannic acid should be added. If animal size is 
present a flocculent milky precipitate will at once be 
formed, owing to the tannate of gelatine produced 
by the combination of the gelatine with the tannic 
acid. 

The consistency of the precipitate depends on the 
amount of animal size present, papers sized with a 
strong solution of gelatine yielding a thick gelatinous 
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precipitate ; while, should the sizing be weak, a thin 
milky precipitate will result 

When the reaction is so weak as to be scarcely 
discernible, Millon's reagent will require to be em- 
ployed. This reagent is prepared by dissolving a 
known weight of quicksilver in an equal weight of 
fuming nitric acid, and after cooling adding an equal 
volume of distilled water. 

When paper containing animal size is moistened 
with this solution and brought to a gentle heat over 
the gas flame, a red colour will be produced. This 
colour will vary in intensity according as the sizing of 
the paper has been strong or the reverse. 

Alum.— To test paper for free sulphate of alumina 
half a sheet should be torn into small pieces and boiled 
in hot water until it is reduced to a pulpy state, when 
the contents of the small flask in which the boiling 
has been conducted should be poured on to a filter, 
and the pulpy mass well washed. 

The filtrate should next be boiled for a few minutes 
with a small quantity of ammonium chloride solution, 
together with a slight excess of ammonia, when any 
sulphate of alumina present will be precipitated as a 
finely divided white precipitate. 

Starch, — Starch can be detected by means of the 
characteristic blue colour produced when a drop of 
iodine is placed on a paper to which starch has been 
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added. Before the amount of starch present in a paper 
can be ascertained, the size coating must first be 
removed. This is accomplished by boiling the sample 
to be tested in a strong alcoholic solution, acidulated 
with a few drops of hydrochloric acid, until the resin 
has gone into solution. 

The paper is then washed with alcohol, dried, and 
weighed. It is next boiled with a more dilute alcoholic 
solution, also acidulated with hydrochloric acid, until 
all the starch has been dissolved out. The point when 
this is accomplished is determined by means of a 
dilute solution of iodine, with which the paper is 
moistened from time to time, until the characteristic 
blue colour ceases to be produced. 

After washing and drying, the weight * is again 
determined, when the difference in the two weighings 
will give the amount of starch present. 

Chlorides. — Should it be suspected that any of the 
chlorides, resulting from the decomposition of the 
bleaching powder solutions, are present in the paper, 
the simplest method of proving their existence is to 
precipitate them by means of silver nitrate solution, 
to which a few drops of pure nitric acid have been 
added. 

To accomplish this the paper to be tested should 
be boiled with a small quantity of distilled water, and, 
after filtering, a few drops of the silver solution added 
to the filtrate. Should chlorides be present a white 
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curdy precipitate will at once separate out, which, when 
exposed to the light, will soon become blackened. 

Engine Size. — The presence of engine size may be 
ascertained by heating small pieces of the paper to 
be tested in a strong alcoholic solution, when the 
resinate of alumina will be partly decomposed. By 
adding a considerable excess of cold water the dissolved 
resin will be precipitated, as it is insoluble in a dilute 
solution of alcohol. 

Schu man's method for the determination of the 
amount of resin consists in heating the paper in a 
dilute solution of caustic soda until the resin is dis- 
solved, and after filtering and washing the paper well, 
adding to the filtrate a sufficient quantity of sulphuric 
acid to decompose the resin soap. The precipitated 
resin is then obtained by pouring the milky solution 
through a weighed filter. 

After washing and drying, the filter containing the 
resin is carefully weighed, and after deducting the 
weight of the filter, as previously determined, the 
weight of resin is found. 



Mineral Substances.— The amount of mineral matters 
present in a sample of paper is ascertained by burning 
a known weight of it in a small platinum crucible, 
and from the weight of the ash calculating the per- 
centage contained in it. 

When pearl hardening is suspected — and it can easily 
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be detected, owing to the purity of the ash when com- 
pared with the dull colour of china clay — the blow-pipe 
must be used with caution, as it (the ash) is very liable 
to be fused and blown out of the crucible should it be 
vigorously fanned. 

Owing to the reducing action of the carbon, the ash 
from pearl hardening will contain a quantity of its 
weight as calcium sulphite, and should be moistened 
with sulphuric acid and again burned in order to 
convert the sulphite back to sulphate. 

When calculating the percentage of pearl hardening 
carried by the pulp, it must be borne in mind that, as 
the hardening when added to the engine contains 2 
atoms of water, 136 parts of the ash are equal to 172 
parts of the hardening as furnished with the pulp. 




Incineration.— At first a matter of compulsion, owing 
to the pollution caused by running the spent lye 
from the boilings into the rivers, the incineration 
and recovery of the soda has, under the conditions 
of working made possible by the improved forms of 
roasters now in use, become a source of profit to the 
paper-maker. 

The idea in roasting the spent liquor is to burn up 
the non-cellulose substances which the soda has dis- 
solved from the raw materials, and which are combined 
with it. 

The Porion roaster, owing to the simplicity of its 
construction, and the excellent results that can be 
obtained when it is properly managed, is the one 
most used in this country. As usually constructed, 
it consists of an evaporating chamber, in which the 
lye is concentrated by the heat from the gases on 
their way to the chimney; a combustion chamber, 
which serves the double purpose of retaining the 
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heat and consuming .the smoke ; a pan in which the 
incineration is conducted; and a suitable furnace to 
supply the heat on which the several stages in the 
recovery depend. With this roaster all liquors from 
5° Twaddle can be profitably evaporated. 

The lye, as it comes from the boilers or store 
tanks, enters the evaporating chamber, which is pro- 
vided with rapidly revolving fans, or splashers, as 
they are sometimes termed. These splashers dip 
into, the lye, and, as they revolve, throw it up against 
the roof of the chamber in a very fine spray, through 
which the hot fumes from the furnace and pan pass 
on their way to the chimney. This has the effect 
of greatly increasing the evaporating surface, and 
thus liquors entering the chamber at 6° or J° Twaddle, 
leave it, on their way to the pan, concentrated to 
35 or 40 . 

The greater the concentration of the lye on enter- 
ing the pan, the less water remains to be driven off, 
and thus the roasting can be accomplished with a 
smaller consumption of coal. 

It is the practice in some mills to draw the charge 
of soda from the pan once every twelve hours, and 
where this mode of working is adopted the lye is 
allowed to run from the evaporating chamber to the 
pan in a continuous flow for about seven hours, and 
only shut off about four hours before the time for draw- 
ing. During the time that the charge is burning off 
the soda must be well worked in the pan, so that 
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it may be perfectly dry, and of a dull red colour 
when drawn. 

It often happens, especially when much rag lye 
has to be burned, that the liquor becomes mucli 
reduced in strength, and taxes the energies of the 
roaster-men to the uttermost to get the pan ready 
in time. When this is the case, the damper should 
be opened more than usual, and good fires kept up. 
When, however, the liquor is of the usual strength, 
the damper should be worked as much shut as 
possible consistent with complete combustion. In 
this way the temperature of the combustion and 
evaporating chambers is kept up, and the concentra- 
tion of the lye much more easily effected. 

When burning off, special attention must be paid 
to having the damper well shut, otherwise a con- 
siderable portion of the finest of the soda will be 
carried into the combustion chamber and on to the 
chimney. 

By regulating the roasting so as to draw three 
charges in twenty-four hours, a better yield of soda in 
proportion to the coal consumed can be obtained, as 
by such a method the burning is conducted more 
rapidly, the proportion of soda carried away by the 
draught is much less, and thus the yield is increased. 
Working in this way, 20 cwts. of completely calcined 
soda, containing 45 per cent, total alkali, can be 
obtained with a consumption of 25 cwts. of coal. 

The coal used should be as free from sulphur as 
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possible, as any sulphur present combines with the 
soda and reduces the yield of caustic in the subse- 
quent causticising process. While the cake, which 
forms on the lye in the process of roasting, must 
not be allowed to become hard, it should not be 
broken up too frequently, or greater difficulty will be 
experienced in keeping up the heat. 

After drawing, the soda should be loosely laid 
down, in such a way that it may burn out without 
running together and forming a cake. In about three 
days it should be turned over, and in about eight 
or nine days will be ready for the lixiviation tanks. 
The length of time for which it is allowed to lie 
generally depends on how soon it is required. 

Lixiviation. — The soda-dissolving tanks are generally 
three or four in number ; and, indeed, to conduct the 
extraction of the soda in a satisfactory way four or five 
tanks are necessary. The dissolving is conducted in 
much the same way as the washing of the grass in the 
steeper tanks. When the soda has been put in it is 
covered up with water, which has previously been used 
as a third water. 

After the soda has been covered with this weak 
liquor, pumped from the weak liquor tank or allowed to 
flow from a charge which has been exhausted and is 
ready to be cleaned out, clean water, generally heated, 
though some prefer to use cold, is turned on, which, 
after passing through one, two, or three tanks, ac- 
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cording to the number of tanks employed, rises on to 
the fresh charge, and, passing through it, is run to the 
store tank as a first liquor. 

This extraction may be continued for twenty-four to 
thirty hours, or even longer, according to the system 
adopted and the strength of the recovered soda, and 
the liquor should stand about 72 Twaddle when first 
run off. This strength will gradually become weaker, 
until it reaches 22° Twaddle, when it is turned off, and 
made to run on to a fresh charge, which has been put 
into the tank, cleaned out in the interval. 

After running into this fresh charge for some time it 
is shut off altogether, and steam turned on to boil it 
for ten to twelve hours, and the liquor, after allowing 
sufficient time for settling, run to the weak liquor tank, 
when the mud is lifted out and the fresh charge 
furnished to the tank. 

Another method of extracting the soda is to cover it 
with the liquor taken from a third or fourth boiling, and 
boil it for twelve hours before running off. After 
running off this strong liquor the tank is again filled 
up from a charge boiled for the third time, and then 
boiled for other twelve hours, and the liquor run off to 
the store tank, where it is mixed with the strong liquor. 
If the soda is not yet exhausted another liquor may be 
taken off before allowing the mud to boil for two or 
three days. 

This third liquor may be run to the store tank if 
considered strong enough, and, if not, used to extract 



:d to extract a 



LIXIVIATION. 183 

fresh charge. When a fourth liquor is taken off it goes 
to the weak store tank, and is used to cover the fresh 
charges put in. The strong liquor obtained by this 
method will stand about 70 Twaddle, the second about 
15° Twaddle. 

A first and second liquor are run off together every 
day, and the strength of the lye in the store tank is 
maintained about 40 Twaddle. In some mills the 
soda is dissolved in circular iron tanks, divided into 
two compartments by a perforated iron partition. The 
recovered soda is placed in one of the divisions, and 
after being covered up with weak liquor is boiled by 
means of a steam-pipe which reaches almost to the 
bottom of the tank. The agitation is further increased 
by a blast of air drawn in with the steam. The charge 
is boiled until it is quite exhausted, and then another 
quantity is put in, the tank being cleaned out once or 
twice during the week. 

After the non-cellulose matters, extracted from the 
plant substances during the boiling, have been burned 
up in the roaster, the soda, owing to the oxygen and 
carbon which it has taken up during the calcination, 
and prior to that, during the boiling, has become con- 
verted into sodium carbonate. The action of the water 
in the lixiviation tanks has simply separated the 
sodium carbonate from the insoluble impurities; and 
before the liquor thus obtained can be substituted for 
the caustic soda bought from the chemical manufac- 
turer, it must be converted from the carbonated to the 
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caustic state. The following equation shows how that 
chemical change is effected : — 



46 + 12 + . 



56 



16 = 46 + 32 + 2 






A glance at the figures will show that 56 parts of 
lime are required to- convert 106 parts of carbonate 
of soda into the caustic state, and that the amount of 
caustic produced from these quantities does not exceed 
80 parts. In actual practice the yield of caustic soda 
is less than the theoretical quantity, owing to propor- 
tions retained in the lime mud. 

In some mills this causticising process is conducted 
in circular tanks, or boilers, fitted with agitators, to 
ensure the thorough contact of the lime with the liquor 
to be causticised. The liquor from the lixiviation store 
tanks is run into the boiler and generally reduced to 
between 20 and 22 Twaddle. This reduction is ren- 
dered necessary owing to the fact that a strong solution 
of sodium carbonate would react on the caustic first 
formed, and so retard the operation. 

The boiler having been filled to the usual height, 
the steam is turned on, and the lime put into a small 
cage fitted to the side of the boiler in such a position 
that the lime is immersed in the liquor. As the 
reaction proceeds the lime is gradually taken up by 
the carbonic acid of the carbonate of soda to form the 
lime carbonate, left as the sediment in the boiler, while 
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the soda unites with the oxygen and hydrogen ot the 
water to form caustic soda. 

To ascertain when the reaction has been completed, 
and all the soda present as carbonate converted into 
caustic, a little of the liquor is lifted out, and, after 
allowing the lime to settle, is treated with a solution 
of equal parts of sulphuric acid and water. 

If there be any effervescence, due to the escape of 
carbonic acid still uncombined with the lime, the 
reaction is not complete. Either the lime added has 
not been sufficient to combine with all the carbonic 
acid present in the carbonate of soda, and more must 
be added, or sufficient time has not been allowed to 
complete the reaction. Should no effervescence take 
place on the addition of the testing solution, all the 
sodium carbonate has been converted into caustic soda. 

When the washing water from the boilers is used 
to bring the liquor to the desired strength, more lime 
will require to be added in order to combine with the 
carbonic acid present in the washings ; and even then 
the caustic liquor will be apt to froth on being tested, 
owing to the presence of uncombined carbonic acid. 
After the reaction is finished the agitator should be 
shut out and the lime allowed to settle before the lye 
is drawn off. 

About an hour is required for this ; and, after the 
lye has been run to the tanks from which the supply 
for the boiler is drawn, the lime mud is again agitated 
and boiled for about an hour, when the liquor obtained, 
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after settling, is also run to the store tank. The weak 
liquor drained from the lime mud should be used to 
conduct this second extraction, which should stand 
about 6° to 8° Twaddle. 
Should a third liquor be taken off it is better not 
to boil it, but only to bring it to boiling point, and 
then shut off the steam; as when boiled for the third 
time the lime mud becomes pasty, and, in addition to 
retaining caustic, is difficult to drain. 

By running up a boiler with the drainings from the 
lime, and allowing it to stand for about twelve to fifteen 
hours, a caustic solution standing about io° Twaddle 
can be obtained. Before settling it should be allowed 
to mix for an hour or so. 

In order to oxidise the sulphur compounds, princi- 
pally the sodium sulphide, which have been formed 
by the action of the sulphur contained in the coal, 
a strong current of air is sometimes blown into the 
boiler during the causticising. In addition to oxidising 
the sodium sulphide to sulphate, it has the effect of 
producing a much more thorough agitation of the lime 
and the soda. 

When the causticising vessel consists of the egg- 
shaped boiler, which is preferred by many paper- 
makers, the agitation is maintained by means of the 
steam (and air, when the air-blast is employed) issuing 
from small holes in an iron pipe laid along the bottom 
of the boiler. Very much better results are said to 
be obtained when using this form of boiler. 
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Though the aluminate and silicate of soda present 
in the recovered liquor are, to a large extent, decom- 
posed during the causticising process, a considerable 
amount of soda is retained in combination with these 
compounds, and thus rendered unavailable. 

In causticising liquor obtained from the spent lye 
in which straw has been boiled the loss arising from 
this cause is very considerable, owing to the large 
proportion of silica in combination with the soda. It 
is claimed that by treating the recovered liquor with 
bicarbonate of soda, prior to causticising, the aluminate 
and silicate of soda are decomposed, with the result 
that practically the whole of the soda held in combi- 
bination is set free, while the sodium sulphide is also 
decomposed. 

The soda added as bicarbonate is available, and as 
much as 1 1 per cent, of alkali can, it is said, be saved 
by employing this method. The plan recommended 
by the advocates of this system is to boil the liquor 
to which the bicarbonate has been added for a quarter 
or half an hour before adding the usual amount of 
lime. 

In place of causticising by means of lime, ferric oxide 
may be used as a causticising agent. This process 
possesses a distinct advantage over the lime method in 
that the caustic solution is obtained in a concentrated 
form direct from the lixiviation tanks. 

The rationale of the process consists in the expulsion 
of the carbonic acid from the recovered ash when fused 
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with ferric oxide. The sodium ferrate thus formed is 
decomposed during the lixiviation with the formation of 
caustic soda solution and ferric oxide, which is thus 
available to caush'cise a second charge of soda ash. It 
will thus be seen that the ferric oxide, owing to this 
regeneration, is continuously available. 

This process, notwithstanding its advantages, is more 
suited to the needs of the chemical manufacturer than 
to the requirements of the paper-maker. 

Multiple Effects. — During recent years the principle 
of multiple effects, seen in its simplest form in the 
evaporator of the Porion type, has been made the 
basis of several new systems of evaporation. The 
principle of multiple effects, as applied to evaporation, 
is dependent on the fact that the boiling point of a 
liquid is lowered in proportion as the pressure exerted 
on its surface is diminished. 

This is the reason why the temperature required to 
boil water at the top of a hill is less than that found 
necessary at the bottom, where the atmospheric pres- 
sure exerted on its surface is greater than that to 
which it is subjected at the greater height. 

Under the normal atmospheric pressure of 14-7 lbs. 
per square inch, the temperature at which water boils 
is 212° Fahr. ; and by lowering the pressure in the 
chamber in which the evaporation is conducted, by 
means of a vacuum artificially produced and main- 
tained, a corresponding reduction in the number 1 
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degrees of heat necessary to effect the conversion of 
the liquid into steam can be effected. 

Thus under a vacuum of 5 inches =12 lbs. per 
square inch of surface pressure, the temperature at 
which water will boil is 195 Fahr. ; 10 inches vacuum 
represents 185 Fahr., 15 inches 160 Fahr., and at 
20 inches the temperature is reduced to 150° Fahr. 
The efficiency of the multiple effects evaporator is, 
however, largely dependent on another peculiarity 
connected with the boiling of liquids — namely, the 
utilisation of the latent heat contained in the vapour 
given off when water is converted into steam. 

Each pound of water converted into steam at 
atmospheric pressure absorbs 1,146 heat units, but 
about 965 of these units have been absorbed in 
producing the molecular change from water into steam, 
and when the steam is again brought into contact with 
water at a lower temperature, it yields up these latent 
heat units, with the result that the temperature of the 
liquid in contact is raised; and if, as in the case of 
a vacuum evaporator, the surface pressure be lowered 
in the proper degree, it becomes possible to raise the 
temperature of the liquid by means of the latent heat 
to the boiling-point required under the lowered pressure, 
and again utilise the latent heat of the vapour thus' 
produced to raise a further quantity of liquor under 
a still lower pressure to boiling-point. 

In the multiple effects evaporator, the vapour from a 
liquid boiling under normal pressure is made to boil 
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may be the more quickly determined. When the 
solution in the flask begins to take on a slightly purple 
tinge the flow should be checked until it merely drops 
slowly, and the flask gently shaken until the appearance 
of a faint violet colour shows that the soda originally 
present is neutralised by the acid, when the cock should 
be shut, and the number of c.c. run off carefully noted. 

To ensure that the discharging of the blue colour is 
not due to the carbonic acid present in the soda 
solution, the flask should be placed above a Bunsen 
burner and the contents boiled for a few minutes, when 
in all likelihood the blue colour will be restored, owing 
to the expulsion of carbonic acid. 

More of the acid must then be added, drop by drop, 
until the red colour is permanent after boiling. If the 
solution is normal exactly 20 c.c. will be required to do 
this. Should more be necessary it is too weak, and 
more of the strong acid will require to be added to the 
contents of the basin and vigorously stirred before 
another quantity for testing is withdrawn. 

Should less than 20 c.c. be sufficient to complete the 
reaction, more water will require to be added to bring it 
to the desired strength, which may not be arrived at 
until several testings have been made. For greater 
accuracy 2'I2 grams may be taken, and in that case 
40 c.c. will be required to turn the litmus red 
permanently after boiling. 

When the solution has been brought to the exact 
strength it should be transferred to a large wide- 
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mouthed, well-stoppered bottle, which should then be 
labelled "Standard Sulphuric Acid I ex. = '031 gram 
Na a O." 

To carry out the actual test a small quantity — about 
2 grams is a convenient amount — of an average 
sample of the soda to be tested is accurately weighed 
out and boiled with water in a flask until all that is 
soluble is dissolved. When testing recovered soda the 
sample should be reduced to powder, by passing it 
through a small coffee grinder, so that the portion 
weighed out may be as uniform as possible; and, after 
boiling, the contents of the flask should be poured on 
to a filter, and the insoluble portion well washed, the 
washings being run into the flask containing the filtrate. 

The solution in the flask is then coloured with a 
few drops of litmus, and treated with the standard 
sulphuric acid solution, in the same way as when 
testing the standard acid, until it is turned permanently 
red after boiling. The number of ex. required to 
accomplish this is multiplied by '031 ; the result is then 
multiplied by IOO and divided by the weight of soda 
taken, in order to give the percentage of total alkali. 

Example. — 2 grams of recovered soda were accurately 
weighed out and dissolved with water, in a small glass 
flask, until all the soluble portion was extracted. A 
few drops of litmus were added to the clear solution, 
and then the standard acid run in, until the blue colour 
was discharged. 

The contents of the flask were then boiled and the 
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sation arrived at in those grades, they usually contain 
a small portion of their bulk in the carbonated state. 

In all probability the cost of caustic soda will, within 
a comparatively short space of time, be greatly reduced, 
and with it a corresponding reduction in the price of 
bleaching powder will doubtless take place. This may 
be confidently expected, owing to the introduction of 
the electrolytic manufacture of alkali. 

It has been estimated from the results obtained by 
the recently fitted-up plant, in connection with Messrs. 
Holland and Richardson's electrolytic soda process, 
that, worked on a large scale, I ton of caustic soda and 
2j tons of bleach can be produced at a cost to the 
consumer of about £15. 

Compared with £9 per ton for bleaching powder and 
about ,£10 per ton for 70 percent, caustic, which prices 
are current and likely to remain so under the old 
methods of manufacture, the advantage to the con- 
sumer is enormous. 

Alum. — Before proceeding to determine the amount 
of alumina contained in a sample of alum, the water of 
crystallisation with which it is combined must first 
be driven off. This is accomplished by placing a 
small quantity of the sample in a porcelain basin, and 
evaporating over the water-bath until the weight is 
constant. 

To determine the amount of alumina, about one 
gram of the sample treated as described is dissolved 
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with hot water in a porcelain dish. A small quantity 
of ammonium chloride solution, together with a slight 
excess of ammonia, is now added, and the whole boiled 
gently until the alumina has been precipitated. The 
contents of the dish are then poured on to a filter and 
well washed with hot water, after which the precipitate 
is placed in a platinum crucible, which has been 
previously weighed, and heated over the blowpipe 
flame, in order to expel the water still retained. After 
cooling the crucible is again weighed ; the increase 
represents the amount of alumina present in the sample. 
The presence of iron may be detected by treating a 
small quantity of the alum to be tested with an excess of 
pure caustic potash. The alum, or sulphate of alumina, 
is dissolved in hot water, and when brought to boiling 
point the caustic potash is added, and the ebullition 
kept up for a few minutes. Should iron be present it 
will separate out as a brown flocculent precipitate. 

Antichlor. — The actual amount of hyposulphite of 
soda present in the commercial article is determined 
by means of the reaction with a solution of iodine. 
The iodine solution is prepared by dissolving 
127 grams of pure iodine in a small quantity of 
water, in which about 18 grams of potassium iodide 
have already been dissolved. The water must be cold, 
and as soon as all the iodine has gone into solution, 
the flask should be filled to the litre mark. 

As one litre contains 1000 ex., 1 ex. of a solution 
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Table showing Percentage Amount of Caustic Soda in Aqueous 
Solutions of various Specific Gravities at I5°C. 



Specific Gravity. 


Per cent. NaHO. 


Specific Gravity. 


Per cent. NaHO. 


1*059 


5 


■ i'437 
1 1-488 


40 


1115 


10 


45 


1-170 


15 


! 1*540 


50 


1-225 


20 


j l 'S9 l 


55 


1-279 


25 


j J-643 


60 


I -332 


30 


! 1695 


65 


1384 


35 


j 1*748 


70 



Table (based on Richter's) showing Percentage Amount of 
Soda (Na 2 0) in Lyes of various Degrees Twaddle. 



Degrees Twaddle. 


Per cent. Na 2 0. 

i 


'. Degrees Twaddle. 

1 
1 


Per cent. Na s O. 


4 


2*07 


1 

44 


20-66 


8 


4-02 


48 


2258 


12 


589 


52 


24-47 


16 


769 


56 


2633 


20 


9*43 


60 


2816 


24 


11-10 


64 


29*96 


28 


1281 


68 


3167 


32 


14-73 


70 


3240 


36 


1673 


72 


33-oS 


40 


1871 ! 


76 


34'4i 
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Table showing Strength of Solutions of Alum by Specific 
Gravity and Degrees Twaddle at 17*5° C. 



Specific Gravity. 


Degrees Twaddle. 


Per cent 

K 2 Al2(S04)4+24H a O. 


I 0065 


1-30 


I 


I '01 IO 


2*20 


2 


l'Ol66 


3'30 


3 


1-0218 


436 


4 


2*0269 


5*38 


5 


1*0320 


6*40 


6 



To convert degrees Twaddle to specific gravity, 
multiply by 5, add 1000, and divide by 1000. To 
convert specific gravity to degrees Twaddle, multiply 
by 1000, subtract 1000, and divide by 5. 



Testing Water for Impurities. — To detect the presence 
of the salts which cause water to be hard, a little 
white soap, dissolved in alcohol, should be added to 
it. If hard, the water will at once assume a milky 
appearance, while, if it is soft, no change will be 
observed. 

Magnesia may be detected by the white precipitate 
formed when a small quantity of carbonate of ammonia 
and phosphate of soda are added to a portion of the 
water which has been brought to the boiling point. 

Soluble sulphates or free sulphuric acid are tested 
for by adding a small quantity of barium chloride, as, 
should either be present, a precipitate of barium sul- 
phate, insoluble in nitric acid, will at once be formed* 
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Carbonic acid may be detected by the white pre- 
cipitate of carbonate of lime formed when lime water 
is added to the water containing it. 

To detect sulphur compounds a little mercury should 
be put into a bottle containing the water and allowed 
to stand corked up for some time. If there are any 
such compounds present the mercury will have taken 
on a dark colour, and on shaking will assume a silver- 
grey colour. 

The presence of iron in water may be ascertained 
by pouring a few drops of tincture of nutgalls into a 
small quantity of the water contained in a glass vessel. 
Should iron be present a dark grey or black colour 
will be at once produced. The depth of the coloration 
depends on the amount of iron present; the greater 
the quantity contained the more intense is the shade. 

Soluble lime impurities may be detected by the milky 
turbidity produced on the addition of one or two 
crystals of oxalic acid to the water. 
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Sizes of Cartridge Papers. 



Foolscap 


. 14 x i8| 


Super Royal 


• I9i * 2 7 


Demy 


. I7|X22£ 


Imperial . • 


. 21 X 26 


Royal . 


.19 x 24 


Elephant . . 


• 23 X28 



Sizes of Lined Papers. 



Pinched for 8vo . 
Post for 8vo 
Large Post for 8vo 
Large Post for 4to 
Laid Large Post for 4to 



Expansion by 14^ in. 

I» ft I5i If 

it >i *^2 »» 

>» it 2 °* it 

it n *"a tt 



Various Calculations relating to Weight of Reams and 

Webs. 

I. Given sample of paper, to find weight of web 100 yards 
by 60 inches wide, made to same substance. First find 
square inches in sample, weigh it, and from result obtained 
calculate weight of square inches in web. 

Example. — 4*22" x 2" = 8*44" in sample, which weighs 25-2 grains. 
Square inches in web = 216,000. 

216,000 X2 S 2 = 644^8 = j bs avo . n 

8-44 7000 

II, From sample of paper given find variation in weight oi 
ream of 20" x 30", 480 sheets of which ought to weigh 30 lbs. 

Proceed as in the previous example, finding the final result 
from the square inches in ream. 

Example, — 177*2 square inches in sample, which weighs 13575 
grains, square inches in ream of 20" x 30", 480 sheets, 288,000. 

288,000x13575 30,006,000 „. „,. 

— ! jj_iD = jy y > — = 31-5 lbs. per ream. 

177-2 7000 
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III. To find weight of ream 20" X30", 480 sheets, equivalent 
in substance to 54-inch web, two yards of which weigh 1 lb. 

a yards x 36" x 54"=3888 square inches : 20" x 30" x 4S0 = 288,000 

square inches in ream ; 

288 000 
therefore — JJjr = 74-07 lbs. per ream of 20" x 30", 4S0 sheets 

3580 

IV. To find number of reams, of a given size, in web of any 
given number of yards, multiply the yards (in inches) by 
number of sheets in breadth of web ; divide result by the 
draw; then divide number of sheets thus obtained by the 
number of sheets in the ream. 

Example.- -Given web 1900 yards 60 inches broad, to find number 
of rcums of 154" x 20", 480 sheets. 

1900 ^36 x 3 x 2 _ I323 g + ^ = 27 nns. 11 qrs . 7 sheets. 



Data for ascertaining the Number of Gallons of Caustic 
Liquor required to give the Number of Pounds of Na,0 
necessary for a Boiling. 

To find the factor, multiply the number of gallons per inch 
of tank by -0518 for 60 per cent., '0444 for 70 per cent., and 
•04036 for yj per cent, caustic. 

To find the number of inches necessary to give the desired 
amount of soda, multiply the number of c.c. of standard 
acid required to neutralise 10 c.c. of the soda solution by the 
factor, and divide the pounds of soda required by the result 

Example. — Capacity of tank = 100 gallons per inch. 

Amount of soda required = 800 lbs., 70 per cent, caustic (Na,0). 

100 x "0444 = 4*44 = factor. 

Number of c.c. standard acid required to neutralise 10 c.c. soda 
solution = 12*5. 

12*5 x 4*44 = 55*5 : 800 -j- 55*5 = 14*4 = number of inches necessary 
to give 800 lbs. 70 pe cent, caustic. 
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Table showing the Strength of Bleaching Powder Solutions, 
based on Lunge and Bachofen's Sp. Gr. Table. 



Degrees Twaddle 
ati5°C. 


Available Chlorine 
in grains per litre. 


Degrees Twaddle 
at 15 C 


Available Chlorine 
in grams per litre. 


23*10 


7179 


I20O 


35'8i 


23*00 


71*50 


II-OO 


32-68 


22*IO 


6840 


IO'OO 


2960 


2200 


6800 


9*00 


26*62 - 


21'20 


65*33 


8*oo 


23*75 


2I0O 


6450 


7-00 


2044 


2O'0O 


61*50 


600 


17*36 


I9OO 


58*40 


500 


14*47 


18*00 


55'i8 


4*ob 


11*41 


I7OO 


52*27 


300 


8*48 


16*00 


49-96 


200 


5*58 


I500 


4570 


i-oo 


2 71 


I4'00 


4231 


0-50 


1*40 


I3*00 


3910 


000 


trace 



Composition of solution upon which the above table was 
originally founded : — 



Available chlorine . 
Chlorine as chloride . 
Chlorine as chlorate . 
Lime • • . 



72*17 grams per litre. 

6 74 » » 

013 11 » 

65 53 ». n 
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Wagons BDfl Mtts&res erf the Metric System. 

Wdghis. 



I pT' r-t ^ 1 nr> = *ODl ttp- 
I Cffffiflg = "CI « 

I I>exdcrjan = "I 

I Gram = weai-it erf a cubic centimetre of water at 4°C 

I Dettgran = i dooo crams. 

I Hectagrazn = irxrooo m 

I Kilccrain = loccroco w 

Measures of Capacity. 

I MiHHiire = I cubic centimetre; or the measure of I gram of water 

I Centilitre = 10 cubic centimetres. 

I Decilitre = ioo „ „ 

I litre = 1000 „ „ 

Measures of Length^ 

I Millimetre = *ooi metre, 

I Centimetre = *oi M 

I Decimetre = 'I „ 

I Metre = the ten millionth part of a quarter of the earth's 

meridian. 
I gram = 15*43235 grains; 31*103496 grams =iol troy. 
•453593 kilogram = 1 lb. avoir ; 50*802377 kilograms = I cwt. 
I cubic inch = 16*386176 cubic cent; 1 cubic foot = 28*315312 cubic 

decimetres ; 1 gallon = 4*543458 litres. 
I inch = 2*539954 centimetres ; 1 foot = 3*0479449 decimetres. 
I yard = 0*9143835 metre ; 1 mile = 1-6093149 kilometre, 
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French and English Thermometer Scales. 



Centigrade. 
(C) 




Fahrenheit. 
(Fahr.) 


Centigrade. 
(C.) 




Fahrenheit. 
(Fahr.) 


degrees 


equal 


32 degrees. 


55 degrees 


equal 131 degrees. 


5 


it 


41 


n 


60 


»> 


>i 


140 


tt 


10 „ 


M 


50 


tt 


65 


u 


tt 


149 


tt 


15 


l> 


59 


tt 


70 


tt 


ti 


158 


tt 


20 „ 


» 


68 


tt 


75 


tt 


tt 


167 


tt 


25 a 


»» 


77 


tt 


80 


» 


tt 


176 


tt 


30 


»» 


86 


tt 


85 


n 


M 


I8 5 


» 


35 tt 


»> 


95 


tt 


90 


it 


»» 


194 


ti 


40 „ 


tt 


104 


tt 


95 


tt 


tt 


203 


tt 


45 » 


tt 


"3 


tt 


100 


tt 


tt 


212 water boils 


50 a 


tt 


122 


tt 













To convert degrees Fahrenheit into degrees Centigrade, subtract 32, 
multiply by 5, divide by 9. 

To convert degrees Centigrade into degrees Fahrenheit, multiply 
by 9, divide by 5, and add 32. 

To convert degrees Reaumur into degrees Centigrade, multiply by 5 
and divide by 4. 

To convert degrees Reaumur into degrees Fahrenheit, multiply by 9, 
divide by 4, and add 32. 

To convert degrees Centigrade into degrees Reaumur, multiply by 4 
and divide by 5. 

To convert degrees Fahrenheit into degrees Reaumur, subtract 32, 
multiply by 4, and divide by 9. 

Useful Data. 

To find the cubical contents in gallons of any square or 
rectangular vessel, multiply the length, depth, and breadth 
in feet together, and the result by 6*2355. Should the measure- 
ments be taken in inches, the result will require to be multi 
plied by '003607 in place of 6*2355. 



To find the number of gallons contained in a cylindrical 
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vessel, first square the diameter, then multiply by 3*1416; 
divide result by 4 and multiply by depth ; after which, proceed 
as in the case of a square vessel — />., multiply by 6*2355 ^ m 
feet, or by -003607 if in inches. 



To reduce inches to metres, multiply by 




•O254O. 


n 


centimetres to inches, multiply by 


• "3937. 


n 


inches to centimetres 


» 


?» 


. 2-540. 


n 


kilograms to pounds 


n 


»» 


• 22046. 


n 


gallons to litres 


w 


if 


. 4*548. 


t? 


litres to gallons 


n 


ff 


•22. 


ft 


pints to cubic centimetres 


* n 


if 


567936. 


•f 


grams to grains 


n 


ft 


• I5*432- 


ft 


grains to grams 


»» 


tt 


•064$. 


n 


ounces to grams 


if 


it 


- 28349. 



To convert kilograms per square centimetre into pounds per 
square inch, multiply by 14*2247. 

To convert pounds per square inch into kilograms per 
square centimetre, multiply by "0703. 

(From Bayley's "Chemist's Pocket-Book. ") 

1 pint equals 1*25 lbs., or 8750*0 grains of water. 

1 gallon of distilled water equals 10 lbs., and measures 
277*274 cubic inches. 

1 lb. Avoir, equals 7000 grains; 1 lb. Troy equals 5760 
grains; 1 oz. Troy equals 480 grains. 
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ACETIC acid, 21 
Acetate of lime, 22 
Acid, arsenious, deci- normal solu- 
tion of, 203 

— carbonic, 13 

— colours, 76 

— free, in sulphates of alumina, 

86 

— hydrochloric, 13, 27 

— hypochlorous, 21 

— nitric, 169 

— or bi-sulphite processes, 31 

— oxalic, 208 

— sulphuric, 21, 27 

— sulphurous, 32, 34 

Action of atmosphere on cellu- 
lose, 2 ; on mechanical wood 
in paper, 42 

— of bleach on cellulose, 2 ; on 

jute, 14, 36 

— of caustic soda on vegetable 

fibres, 10 

— of cupric hydrate on cellulose, 

2 
Adipo-cellulose, 4 
African esparto, Muller's analysis 

of, 44 
Agalite, 71 
Agitators, 95 
Air blast, 49 
Albumen, ammonium, 90 
Alcohol, dilute, 90, 165 
Alkali processes, 31, 33 



Alkali testing caustic, 195 
Alkaline soap, 148 
Alum, 85 

— crystal, estimation of alumina. 

in, 200 

— in sizing, 85, 138 
Alumina, sulphates of, 86 

— use of, in bleaching, 21, 27 

— in paper, testing for, 174 
Ammonia, vanadate of, 32 

— soda, 16 

Ammonium albumen, 90 
Angle cutter, 152 
Angles, cutting, 159 
Aniline colours, 75 

— sulphate of, 169 

Animal size, preparation of, 137 

— testing paper for, 173 

— sizing, 138 
Antichlor, 28 
Apron, 100, 102 
Apron-board, 128 
Arsenious acid, 203 
Ash-soda, boiling with, 15 

— in engine size making, 81 
Atmosphere, action of, on cellu- 
lose, 2 ; on mechanical wood 
in paper, 42 



BACK-LASH of vacuum pump,. 
Backwater, 106 
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Barium chloride, 69 

— sulphate, 69, 172 
Bark liquor, 75 
Basic colours, 76 
Bast fibres, 5 

Beater, construction of, 59 

— choice of, 62 

— Forbes's patent, 59 

— Marshall's patent, 56 

— Hibbert, 61 

— Hollander, 61 

— plates, 55, 60 

— rolls, 55, 60 
Beaters, intermediate, 55 
Beating, effect of, on sizing, 84 

— free or fast stuff, 52 

— heavy engines, ill 

— light engines, 112 

— long stuff, 52, 53 

— short stuff, 53 

— Spanish esparto, 57 

— stuff for bank and loan papers, 

52 ; for chromo and plate 
papers, 53 ; for blotting- 
papers, 59 

— wood, 58 
Beech, 43 
Bells, 134 

Bicarbonate of sodium, 187 
Bichromate of potash, 75 
Birch, 43 

Bisulphite of lime, 33 

— of magnesium, 33 
Bisulphite process, Cross's, 32 ; 

Ekman's, 34; Mitscherlich's, 
35 ; Partington's, 35 
Bleach, effect of, on cellulose, 2 

— mixer, 24 

Bleaching, electrolytic, 25 ; Hor- 
mite's process, 26 

— esparto, 49 

— gas, 15 

— house, 27 

— jute, 14 

— liquor, preparation of, 24 

— Lunge's method, 21 

— ozone, 25 

— powder, preparation of, 19, 20 

— rags, 12, 19 

— rationale of, 20, 25 



Bleaching straw, 50, 51 

— use of acetic acid in, 21 ; alum 

in, 21, 27 ; steam in, 26; sul- 
phuric acid in, 21, 27 

— wood, 39 

Blitz's sulphide wood-pulp pro- 
cess, 32 
Blotting papers, 59 
Blowing, 120 
Blow-off cock, 34, 39, 47 
Blue, colouring with, 73 

— Paris, 75 

— smalts, 74 

— standard sample of, 72 
Blue-wove, making, 102, 136 
Boilers, revolving, 8 1 

— stationery, 14 
Boiling, rationale of, 10 

— esparto, 46 

— jute, 13 

— rags, 10 

— straw, 50, 51 

— with lime, 12, 13 
Book papers, sizes of, 2IO 
Boxes, suction, 108 
Breaking in half-stuff, 19 

— at press-roll, 105, 1 13 

— at calenders, 126 
Breast-box, 99 

roll, 107 

Broke, 53, 54 

Brown's patent dandy roll, 118 
Burnishing, 150 



CALCINED soda, 180 
Calcium, chloride of, 20 

— chlorate of, 23 

— hypochlorate of, 20 

— sulphate, 69 
Calender, plate -glazing, 1 50 

— super, 146 
Calenders, machine, 126 
Canada balsam, 166 
Carbonate of lime, 13 

— of magnesium, 34: sodium, 

207 
Carbonic acid, 13, ^ t 185 
Carnation, 72, 74, 165 
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Carrying-rolls, 129 
Cartridge papers, sizes of, 210 
Caseine sizing, 90 
Caustic soda, 10, 44, 45 

— estimation of alkali in, 197 

— data for strength of leys, 212 

— table showing strength of 

leys, 206 
Causticising recovered soda, 184 

— test, 185 

Cellulose, action of atmosphere 
on, 2 ; bleach on, 2 ; solvents 



on, 2 



— composition and chemical 

formula, I 

— of cotton, 5 ; esparto, 5, 6, 46 ; 

flax, 5 ; hemp, 5 ; jute, 5 ; 
Manilla hemp, 5, 6 ; straw, 5, 
7, 50 ; wood (chemical), 5, 6, 
31 ; wood (mechanical), 5, 6 

Celluloses, compound, 3 

Chapman and Fawcett evaporator, 
191 

Chemical and physical character- 
istics of various fibres, 5, 

6,7 

Chemical wood-pulp, 5, 6, 31 

Chemicals, testing, 195 

China clay, 68, 69, 172 ; action 
in glazing, 68; action in 
sizing, 69; preparation for 
the engine, 68 ; properties, 
68; retention of, 70; selec- 
tion of, 68 

Chloric acid, 27 

Chloride of ammonium, 174 ; cal- 
cium, 20; lime, 20; magne- 
sium, 26 ; silver, 175; sodium, 
199 

Chlorides, testing paper for, 175 

Chlorine reaction with jute, 16, 36 

— estimation of, in bleaching 

powder, 203 

— gas, bleaching with, 15, 20 
Chlorus acid, 27 

Circular knives, 153, 160 
Cockling, 124, 143 
Colouring, 72 
Commercial soda, grades of, 199 

— examination of, 197 



Composition of woods, 43 
Cooling-roll, 143 
Cork tissue, 4 
Cotton calender rolls, 148 

— coloured, rags, 6 

— fibres, 3 ; physical character- 

istics of, 3 
Couch-roll jacket, 135, 136 

— under, 109 
Cracks, 127 

Cross-cutting knives, 153, 161 
Cupric ammonia, action on cellu- 
lose, 2 

Cutter, English, 160 

— revolving angle and square, 

152 
Cutting, 152 

— burnished papers, 156 

— cartridge papers, 160 

— machine, rag, 9 

— tissue papers, 13 
Cylinders, damping, 147 

— drying, 99 

Cuticular tissue of cotton, 4; 
esparto, 4, 168; straw, 4, 
168 



DAHL'S sulphate process, 32, 
33/36 
Damping rolls, 147 
Dandy roll, Brown's patent, 118 

— rolls, 115 ; named, 115 
Data, useful, 215, 216 
Deckle strap, 101 

Deckles, Holloway's patent, IOO 

— old style of, 100 
Determination of alumina in 

alum, 200 ; available chlorine 
in bleaching powder, 203 ; 
percentage of mineral sub- 
stances in paper, 172, 176 ; 
total alkali in sodas, 197 
Draws, changing, 125 

— double and single, 159 
Double-crown, 210 

— demy, 210 

— elephant, 210 

— foolscap, 210 
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Doubl! 
— pot 
Drier, 






1 



Doubl! 

poll, 209 
Drier, 142 

Drum, washing, iS, Jj 
Drying loft, 145 
~ ing esparto, 45 

W9 
Dyeing to shade, ;S 



'DGE-RUNNER, 54 



Ekm: 
cess, 34 
Elasticity of fibres, n, 58 
Electrolytic bleaching, 25 ; 
mite's process, 26; 
metbotf, 25 

of alkali, 



bleachin 






Engine, beating, 59 

— Forties's patent beater, 59 

— Marshall's perfecting, 56 
; preparation of, 8: 



e for 1 



— Yar 



efor 



44 

— bleaching, 49 

— detection of, in paper, 168 

— dusting, 45 

— isolation of cellulose in, 44 

— Mutter's analysis of. 44 

— physical characteristics of, 5 

— rationale of boiling, 45 

— sleepers, 48 

— summer, 45 

— washing, 48, 49 

— winter, 45 
Estimation of alumina in alum, 



JADING ir 



p A l 

Fast driving, 128 
Fast stuff, 52 
Feeding-rolls, 154, 160 
Felt, dry, 122 



- elasticity of, 53 

- esparto, 168 

- flax or linen, 167 



.... 

if, by 



— wood, chemical, 167; mechani- 
cal, 168 
Fibro- vascular bundles, 5 
Filaments, 5 
Finishing, l6l 
First pump-box, 1 13 



Fourdrinier machine, 93 

Free resin, 80 

French and English Iher 



I T-oiii- killers, III 
Furnace, incinerating, 178 
— Warren rotary, 193 

/"■■ AS, bleaching with chlorine, 
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Glazing friction, 150 

— plate, 150 
Glycerine, 164 
Grass, esparto, 44 

— knots, 98 
Greens, colouring, 75 
Ground wood, 41 
Guide-roll, 130, 133 
Guiding-tapes, 144 



HALF-STUFF, breaking in, 
19 
Hard-boiled grass, 47 

— water in sizing, 87 

Hemp fibres, physical character- 
istics of, 6 

— Manilla, 6, 59 

Hermite's bleaching process, 26 

Hibbert beater, 61 

High pressures, effect of, in boiling, 

46 ; in boiling wood, 33 
Hollander beater, 61 
Hollo way's deckles, 100 
Hydrate of soda, 10, 44, 45 
Hydrochloric acid, 13, 27 
Hydrometer, Twaddle's, 207 
Hypochlorite of calcium, 20 
Hypochlorous acid, 20 
Hyposulphite of soda, 28 



IMPERIAL, 210 
Incinerating furnace, 178 
Iodide of potassium, 30 

— and starch test, 30 

Iodine, deci-normal solution, 201 

— reaction with cellulose, 2, 3, 

163 

Iron, free, test for, in alum cake, 
201 

— use of, in colouring, 75 
Irregular weight, 93 
Isolation of cellulose, 3 



JUTE fibres, bleaching, 14, 22 
— boiling, 13 

— physical characteristics, 4, 6 

— reaction with chlorine, 16, 36 



KAOLIN, 68 
— preparation for the 
engine, 68 

— properties of, 68 
Killing black threads, 23 
Knife, cross-cutting, 153, 161 

— doctor, ill 

Knives, circular, 153, 160 
Knots, grass, 46, 57 

— strainer, 98 
Knotter, 129 

Kollergang " broke," 53, 54 
Kraft brown papers, 37 



LAID paper, 113 
— dandy-rolls, 115; Brown's 
patent, 118 
Lead, nitrate of, 75 
Leys, table showing strength of, 

206 
Lignin, 3 

Ligno-cellulose, 4, 31, 50 
Lime, boiling with, 12, 13 

— bisulphite of, 35 

— carbonate of, 13 

— hypochlorite of, 20 

— hyposulphite of, 201 

— milk of, 15 

— mud, 25 

— removal of, from hides, 137 

— salts from bleaching solution, 

24,87 

— solutions of, for boiling with, 

— sulphates of, 87 
Lime tree, 43 

Linen fibres, characteristics of, 6 ; 
recognition of, by microscope, 
167 

— rag papers, sizing and drying 

of, 142 
Liquor, bleaching, preparation of, 
24; uniformity of, 23 

— spent, recovery of soda from, 

178 
Litmus solution, 195 
Lixiviation, 181 

— methods of conducting, 182, 

183 
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Lixiviation tanks, 181 
[.carting, 67 

— agalite as. 71 

— barium chloride as, 71 

— barium sulphate as, 69, 172 

— China clay as t 68, 69 

— chromo and plate papers, 69 

— mechanical wood as, 42 

— printing papers, 67 
Long measure, French, 214 

— stuff: 53 

— wires, 105 

Lunge's bleaching process, 21 



MACHINE, centrifugal, 16 
— cylinders, effect on 
sizing o£ 89 

— Fnglish cutting, 160 

— Fourdrinier, management oi, 

93 

— presse-pate, 39, 46, 51 

— rag cutting, 9 

— revolving cutting, 152 

— willowing and dusting, 8, 45 
Ufai-hm^ wire, putting on and 

starting, 129 
Magnesia, carbonate ofj 87 

— sulphate of, 87 
Magnesium, bi-sulphite of, 33, 34 

— chloride oi, 26 
Making bank papers, 54, 55 

— cartridge papers, 97, 134 

— chromo papers, 55 

— loan papers, 54 

— plate papers, 5 

— web papers, 126 

— yellow wove papers, 102 
Manganese, peroxide of, 16 
Manilla, physical characteristics 

of, 5 
recognition of, by microscope, 

167 
Marshall's perfecting engine, 56 
Mechanical wood-pulp, 41 ; action 
of atmosphere on, 42 ; load- 
ing with, 42 ; preparation of, 
41 ; recognition of, in paper, 
169 






Method, Hermite's, of bleaching, 

26 
— Lunge's, of bleaching, 21 
Metric system of weights and 
measures, 214 

Microscope, recognition of cotton 
fibres, by means of, 166; 
china clay, by means of, 1 72 ; 
esparto fibres, by means of, 
168 ; flax fibres, by means of, 
167; hemp fibres, by means 
oi, 167 ; jute fibres, by means 
of, 167 ; Manilla fibres, by 
means o£, 167 ; pearl harden- 
ing, by means of, 172; straw 
fibres, by means oi, 168; 
terra-alba, by means of, 172; 
wood fibres, by means oi, 
167, 168 

— suitable objectives for, 164 

Microscopical examination of 
fibres, 163 

Mid-feather, 18 

Milk of lime, 35 

Milk sizing, 90 

Mitscherlich's " slow " process, 35 

Multiple effects, 188 



NASCENT oxygen, 20 
Nitrate of lead, 75 
Nitric acid, 169 
Nitro-sulphuric add, 169 
Non-cellulose, 3, 14, 22, 35, 44, 46 



OIL of vitriol, 127 
— sperm, 148 
Overhauling, 164 
Oxidisation, prevention of, 33 
Oxy-cellulose, 2, 27 
Ozone bleaching, 25 



PACKING, on pulleys, 124 
Pan, evaporating, 179 
Paper, bank, 52 
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Paper, blotting, stuff for, 59 

— blue, making, 136 

— broke, 53, 54 

— chromo, stuff for, 53, 55 

— cutting tissue, 157 

— effect of straw fibres in, 5 1 

— glazing coloured, 150; straw, 

149; wood, 149 

— green colouring of, 75 

— machine, Fourdrinier, 93 

— plate, stuff for, 55 

— printing, glazing of, 148 

— sizes of) 209, 210 

— soft-sized, 58, 1 10 

— testing, for animal size, 173, 

174; alum, 174; chlorides, 
175 ; engine size, 176 ; 
mineral substances, 176 

— toned, 75 

— tub-sizing, 139, 140, 141 
Paris blue, 75 

Partington's wood-pulp process, 

Pearl hardening, 69, 172, 177 
Pectic acid, 23 
Pecto-cellulose, 3, 46, 50 
Perfecting engine, Marshall's, 56, 

139 
Peroxide of manganese, 16 

Physical characteristics of cellu- 
lose, 1,2; of various fibres, 

5.6,7 
Picking esparto, 45 

— couch-roll jacket, 136 

— wet rags, 17 
Pine, 43 

Plant structures, 3 
Plate glazing, 150 
Poplar, 43 

— pulp, 40 

Porion's evaporator, 188 

— roaster, 178 
Potash caustic, 201 
Potassium iodide, 23, 30 
Potcher, 39 

Preliminary treatment of wood, 
32 ; esparto, 45, 46 

Preparation of animal size, 137 ; 
bleaching liquor, 24 ; bleach- 
ing powder, 19; breach 



test, 203; causticising test, 
185 ; normal sulphuric acid, 

195 

Presse-pate, 39, 46, 51 

Press-rolls, breaking at, 105, 113. 

— first, 123 

— second, 123 

Pressure in boiling, 33 ; glazing, 

149; evaporation, 188 
Printing paper, glazing of, 148 
Process, Blitz's, 32 

— acid, bisulphite, for wood, 

33 

— alkali, for wood, 31, 33 

— chemical, for wood, 32, 33 

— Cross's, 32 

— Dahl's, 32, 33, 36 

— Ekman's, 34 

— Hermite's, 26 

— Lunge's, 21 

— mechanical, for wood, 41, 42 

— Mitscherlich's, 35 

— Partington's, 35 

— sulphate, for wood, 32, 33* 

36 

— sulphide, for wood, 32 

— sulphite, 33, 34, 35 

— Watt and Burgess's, 33 
Pulp, wood, 31 

— straw, 50, 51 

— sulphate, 32, 33, 36 

— sulphite, 33, 34, 35 
Pumps, stuff, 95 

— vacuum, 108 



RAG cutting machine, 9 
Rags, beating, 54 

— bleaching, 19 

— boiling, 10 

— breaking, 18 

— grading and dusting, 8 
Raised seam, 127, 134 
Recognition of fibres by the 

microscope, 163, 169 
Recovery of soda, 178 
Reeling at the sizer, 141 
Resinate of alumina, 80, 83 
Resin, free, theory, 80 
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— parrs* 97 

— reviLTir^. 96 
scrarrr-g carcta day. 68 

— ;^~9«S. 97 

— scarcn, 72 

— terra-alba (barium sulphate), 

— ultramarine, 73 
Straw, bleaching, 51 

— boiling, 50 

1 — physical characteristics o(, 5 

I Structures, plant, 3 
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Stuff chests, 95 

— fast, 52, 55 

— free, 52, 53, 103 

— long, 53-55 . 

— short, 53 

— soft, 55, 104 

Sulphate of alumina, 86; aniline, 
169 ; lime, 87 ; magnesia, 87 ; 
soda, 36 

— wood-pulp, 168 ; process, 36 
Sulphide of soda, 186 
Sulphite of soda, 29 

— processes, 32 

— pulp, 167 

Sulphur impurities in water, 208 ; 

coal, 180 
Sulphuric acid, 21 
Sulphurous acid, 32, 33 ; gas, 33, 

34 
Super-calender, 148 



TABLE of French and English 
thermometer scales, 215 

— showing amount of caustic 

soda in leys of various den- 
sities, 206 ; amount of soda 
in leys of various densities, 
206, 207 ; composition of es- 
parto, 44; composition of 
straw, 51; equivalent weights 
and sizes of printing papers, 
210; equivalent weights and 
sizes of writing-papers, 209 ; 
percentage of alum in solu- 
tions of various specific 
gravities, 207 ; strength of 
bleaching-powder solutions, 
213 

— sand, 96 

Tables of metric system, 214 
Terra-alba (barium sulphate), 69 
Testing alum, 200 

— antichlor, 201 

Testing bleaching powder, 203 

— caustic soda, 197 

— hyposulphite of soda, 201 

— paper for alum, 174; animal 

size, 173 ; chlorides, 175 ; 



engine size, 176 ; mechanical 
wood, 169; mineral sub- 
stances, 176 
Testing recovered soda, 197 

— sulphite of soda, 203 

— ultramarine, 73 

— water for impurities, 207; 

hardness, 207 
Thermometer scales, French and 

English, 215 
Thread, 4 
Toned paper, 75 
Treatment of esparto, 44; jute, 

14; rags, 8, 18; straw, 50; 

wood (chemical), 31 ; wood 

(mechanical), 41 
Tub sizing, 139 
Turpentine, 136 
Twaddle's hydrometer, conversion 

of degrees into specific 

gravity, 207 



ULTRAMARINE, acid-re- 
sisting power of, 73 

— colouring power of, 73 

— fading in engines and chests, 

74 

— standard shade of, 72 

Unsized papers, 58 



VACUUM pumps, 108 
Vanadate of ammonia, 32 
Vanilline, 2 
Vitriol, 127 
Vulcanite, 108 



WARREN rotary furnace, 193 
Washing drum, 17 

— engine, 17 

— esparto, 48, 49 

— rags, 17 

— straw, 51 

— wood, 39 
Wash-roll, 109 
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Water, hard, 87; testing, for 

impurities, 207 
Water-marking, 117 
Watt and Burgess's process, 33 
Wax, 150 
Webs, making, 126 
Weights and measures of metric 

system, 214 
Wet picking, 17 
Wire, length of, 1 05 
Wood, acid treatment of, 31 

— fibres, characteristics of, 5, 7 

— lime, 43 

— pulp, chemical, 5, 7, 58 ; me- 

chanical, 41 

— soda, 33 

— sulphate, 168 



Wood, sulphite, 167 
Woods, composition of, 43 
Wurster and Zugler*s experi- 
ments with rags, 12 
Wttrster's theory of sizing, 80 



Y ARYAN evaporator, 190 
Yellow-wove, making, 102 
Yield of cellulose from esparto, 
44 ; straw, 51 ; wood, 33, 35 
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UGLER and Wurster's ex- 
periments with rags, 12 
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ptehensivc Key to the Hoard of Trade and other Examinations for Ce run. -i'-> 

Civil Hid M ■'.,',. 1^,: r : J,'"* 01 lis 1 Manas'.-* '• '] Ui^i'.!'.* 

for Engineers," ftc. With upwartjs; of ,s,i Ulimr-itiims. ->i«:[i h.im- r , 
Revised and Enlarged- Medium Svo, nearly 560 pp., strongly bound. 18 

Mabjsbis Handbook." It friiesMs t«.™j mv ,:n,l ■•it.-tn.,-.' .,..,:„, ,j. , 1B j c „, 

:..■•.-. ': .- Hi .' -.-.' i- ■ ■ .■:■■■■ ■ ■■•.■: ; ■ : : :■:■.■ ■: ■■.: ■ : 

out colltcttd by Iht Author Jot his am lit m frit construction 07 n grtal Mrtaly 0/ 

Tht information is gioln in a condtnstd .,-../ rfm.-in foim. ami is iff mtraltd by 
Hfmatds of 490 Engravings ; and comprises a quantity of tabulated rnatttr of gMOJ 
taint fo ofl tngagtd in assigning, constructing, or tstimating far Engines, Boilbis. 

"WabaTBBeptttaf hanqroi 
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TEXT-BOOK ON THE STEAM ENGINE. 

With a Supplement on Gas Engines and Part II. on HmaT Kngikis. Bi 
T. M. GtxiDEVE. M.A.. liarriiirr-a: 1.,- 1 .,,,- at the Rova) 

CoUegeof 5ti.-n.tt. I.,.,,,!,!,!. Author,.™ " Thj l^indpks of Mechanics," '' The 
Elementsof Mechanism,"&c. Fourteenth Edition. Crown n.o, dolh . 6,0 



MECHANICAL ENGINEERING, **. ■ 



A HANDBOOK ON THE STEAM ENGINE. 

With esi*cial Reference to Small and Maiiuni-sfee.i Engines. For [he Use of 

,;., ' ■ ■■.':.;.. ".' 
with addition* an J alteraiioi,.., bv II. It. P. Poivi r -. A.M. I. C. It., M.I.M.K. 
Third Edition, Revised. Wuh nearly 1,100 Illustrations. Crown 3vo, 
.doth JVrt 7/6 

THE PORTABLE ENGINE. 

A Practical Manual on Hi Construction and Management. For the ist 
of Owners and Users of Si-.™ Engines generally. Ky William Uvw 
W*«l.™». C.,.wn s™, doth 3,' S 

THE STEAM ENOINE, 

A Treatise on tile M.n In 1:. it i.- il Th-orv of, ivilh RnTr-s in, I Rsmnnles for 

p I I I i I h 16 

THE STEAM ENGINE. 

For the use of Beginners. By Dr. Lardnf: h. Crown Bvo, cloth . 1/6 
LOCOMOTIVE ENGINE DRIVING. 

A Practical Manual for i:ni:hi,if in C!i.,nit: of Locomotive Engines. By 



I 



j.M.i-:. 



LOCOMOTIVE ENOINES. 

A Rudimentary Treatise on. By G. D. DEMr-sei, C.E. With large 
Additions treating of the Modem I.oCoinodv,-. I ly I >. K. Clakk, M.Iri-st.C.E. 



CONTINUOUS RAILWAY BRAKES. 

A Practical Tretuiie on the several Sv.tems in U 
their Construction and Performance. By M. Rby 

■v.L wtUbosrui|<edi*ith,henflitl]Yi!i"-.r *lu. i.-ye.ii 




ENGINE-DRIVING LIFE. 

Stirring An**n HIT'S and Incidents 
Driven. By Mrciun. Rjtykdlps. 

- Fmm ftivr lo last p— fc I | ■ 
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STATIONARY ENGINE DRIVING. 

\ Practical Mannul (or Engineer* in Charge of Sciionsrv Engines. Pr 
HirsiH. KeisoLus, M.S.I-:. Kevtiilh Edition. Crown Svo. cioth, 3'6 . 
ilolli boards 4/6 

THE CARE AND MANAGEMENT OF STATIONARY 
ENGINES. 

Practical Handbook fur Men-in-charee. By C. Hurst. Crown Svo. iVri 1 /0 

THE ENGINE/HAN'S POCKET COMPANION, 

Iichakl Keys." ':.". and riu merclu Ubb™t*! 

Edition. Royal tSmo, nrrmgly bound for pock"! war . . 3/6 

THE SAFE USE OF STEAM. 






STEAM AND MACHINERY MANAGEMENT. 

A Guldi: i,j tin- Arr-,i..;..iii^;l ,md Economical M oini.-iii o 

with Hintson Con, trm.tu.n an.i t,, kclioil. By M. PowisBale, 



GAS-ENGINES AND PRODUCER-GAS PLANTS. 

A Trcrdi-r; scums f..i')i Uii- 1'rint.inle- „f G ,-. Ermines and Producer I 
tne Selection and Installation of anEu R ir,c, Condition; ,.f IVif.-.l I.>|-c- 
Proiluctr-Gas Engines and their Possibilities, the Care of Gas Engin 
Producer. Gjs 1 l.m:-, ■aii!. ;. t li.ijit.-i ,.n \-.:.l.itilc II v.lrv, carbon ;. 



GAS AND OIL ENGINE MANAGEMENT. 

A Practical Ruidt for lUent and Attendants, being NotM or 
slmction, an. I M .m.^-iuenl . 1 iv M I',,*,, I;ali,, M.[ , ... C.l 
Autbor of " U'oodworkin- Madrmery,'- &c. Crown -vo, clotl 

THE QAS-ENGINE HANDBOOK. 



MECHANICAL ENGINEERING, «*. 
THE ENGINEER'S YEAR BOOK FOR 1906. 



THE MECHANICAL ENGINEER'S POCKET-BOOK. 

A Hardy Book of Refere. 



far Daily Use i;i !-.:.-, i. -.: :;,,: Prn.-ii^. 
A.M.Insl.c n E., M*™M.E. Sn!a1l Bvo, 



nlargcd. By H. H. P. PowLB 



K>fcof 700 pa*!c- ■',.■ 
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ENGINEER'S AND MILLWRIOHT'S ASSISTANT. 

A Collection of Useful TaMea, Rules, >i 

Eighth Kdiiioo, ' ' ■ 



TABLES AND MEMORANDA FOR ENGINEERS, 

MECHANICS, ARCHITECTS. BUILDERS. &c 

Selected bid Arranged by FaANCis- Smith. Seventh Edition h Revised , Including 
EuccrmcA-L Taalis, Fckmui-m, and MmosAMDA. Waistcoat-pocket su, 
h-p leather -" 

Ml ill mLaB'-SiaUtafMn. - A nkahla pocket Dnnrr ofknowiatlHa.' 

THE MECHANICAL ENGINEER'S COMPANION. 

Of Areas, CircatuferenceK, Decimal Equivalents, in inches and feet, millii 

3i:.- .\'.:. W 
easnres, and other Data. Alio Practical Rules fur Engine Proportiot 
R. Kdwauds, M.lnH.C.E. I'cap, 8vo. cloth. 

MECHANICAL KNUINEF.RING TERMS 



hide, Smiths', ami Boiler S I: ■- :-p - . &c. C.nm- 
nrtsing apwartis of 6,000 Definitions. Edited bj J. G. Honrai, AM.Ulh 
Third Edition, Revised, with Additions. Ctown Sto, cloth . . JVO 7/6 
"Just the ion of nanny rlcflmiirjr i c q uhea by the fartna i liafl caaHgagcti l.i 1 

POCKET GLOSSARY OF TECHNICAL TERMS. 



■nab Tables suitable for the 

to England 



IRON AND STEEL. 

A Work for the Forge Foundry, Factory, and Office. Containing ready. 



hif,.iirii;.L].jri f>t It u 1 1 it, . Lit ore and their Stock-la 
" " e Mills; Iro 

lanical, Mini 



FonnderTl "iron'sL, ._ 

suiting Engineers; Architects, Cotltracifre. JluiMers, la. BvChaklsls Hoabi. 

Author of "The Slide Rule," &c Ninth Edition, j.mo, leather . 6.0 

WORKMAN'S MANUAL OF ENGINEERING DRAWING. 

By John Maxtqk, Instructor iti Engineering Drawing. Royal Naval 

Collpst', Grcci.'.nd,. hi^.y.h !■: lit;, :i. ■ VL.il-. :■ .isi.i [ 'Lutr.iii!-. Ln.wn --v.., 

doth . (i . . . 36 

PATTERN MAKING. 

I ::!i:...:ing t}\c Mtun 'Types ol Engineering Construction, and including 
Gearing, Engine Work, Sheave, ami Pulleys, Pipes .ind Columns, Screws, 
Machine Parts, Pumps and Cocks. t : '-in Loom and 

Greenland, Weight of Castings, ft c. EyJ. G. Hobsek. A.M.I.M.E. Third 
Edition, Enlarge.!. Will] ,-.6 iK.-fati,,;!,. Crown i!vo, doth. . AW 7/6 



MECHANICAL ENGINEERING. *c. 
SMITHY AND FORGE. 

Including 111* FaiTiet'i Art and Co.idi Smithing. Ey W. ]. E. CnAsc. 
Crown avo, cloth 2/6 

TOOTHED QEAR1NQ. 

APrani^lHaiiitlBokforOirraj-Mul Workshops. By J. Hoibu, A.M.I.M.E. 
Second Edition, with a n.:» ChajUw or, NiTOiit I'.aaiw, With 1E4 Illnstra- 



MODERN WORKSHOP PRACTICE, 

As applied 10 Marine, Laud, and Locomotive Engines, Floating Docks, 

r.'rr-ilKiiv 7>l ■ ■ I ■■■..'.■'■. :■■:--■■■ I ■■■ 
Edition, HIiisliiLlerl. Crnivn Svc.i, clolh 3/B 

DETAILS OF MACHINERY. 

Comprtsinc Instruction, for l!iu HiLCiition 'A various Works in Iron In the 
I'ittinn Hl,i>],, j-omldry, and Hoilct Yard. Bv Fkancis Cami-in, C.L. 



ENGINEERING ESTIMATES, COSTS, AND ACCOUNTS. 

andCoJU' M \IL- "li;-.:i -."■.■'- 1 in. Engines and 

A^K-alMamagibi. S«oTd KditLon. B™"?ot™ °. . . . 12/0 

MECHANICAL ENGINEERING. 

Comprises Metallurgy, Mr.ul,.liii«, Or-tinc. ForKintr, Tool'. Workslior' 

Mac! jv. M,<:l,,:,i:,. M. .I.mt.ri. M.,nul ictui-- nl Die Sltan- 

fts. By Fbascib CAHPIX, CE ""' 



«, C.E. Third Edition, Crown avo, doth 



LATHE- WORK. 

A Practical Treatise on the Tools, Appliances, and Processes employed in 
the Art of TurninE. Uy Paul N. H.-irric. i;i K l,th Edition. Crown Bvo, 
cloth 5/0 

"Written by a man who knows nirt only ho* work ouebt to be done, but who also knows bow 
to Ob 11. -a I tow » Carrey tils knowledge to ochail. To aO turners rhLHtwiolr would be walLia.ble.'- 

■■■m To the amateur It wID stsnply he 

SCREW-THREADS, 

And Methods of Producing Them. With numerous T*l.I« and complete 
Directions for usin E Screw-Cutting Lathes, Ely Tall N. Hasll-lk, Ai.iI,. r 

■:!' ■ 1 .ii.1. 1^..-- : ■ . ■ 1 f; 
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CONDENSED MECHANICS. 

A Selection of Fmrnoltc, Rules, Tables, and Data Tor the Use of Engine, 
Students, ftc By W. G.C Hllffi A.M. I. C.E. Crown S™, cloth . 

their knowledge by ffolny through [hell Mjnuiur again. — ,1ns p T „? £.TL I'm >\ 



CROSBY LOCKWOOD * SONS CATALOGUE. 

MECHANICS OF AIR MACHINERY. 

By Dn. J.Vtuudl and Punr. G. KaHaiAXR. AulhcrinJ Translation 

with an Append-,! 1 1' i Ameri. :v.i i'r.icii.-.. I.v A. 'I «.in !.-.■; l ■■. ]■:. Pi,.]!.. Adi'ir.a 

ProfeJsomf .M- 1:lni. .. ' . I ' mv.t-iI v. K^l itn. d«V 

Wit fMhlMttol. Mt 180 

PRACTICAL MECHANISM, 

And Machine Tools. By T. Baker, C.E. With Remarks on Took and 
Miidiintij l.yj. MuMllrrH. C.B. CroiniSTO.dl 2/6 

MECHANICS. 

Bcinr; a concise Eiposlllon of theGeneralPrincii.lt ■■..,'. Mich .mcd. 5dMa 
and their Applications. By C. Tomiai, F.R.S. Crown Svo. cloth 1/6 

FUELS: SOLID, LIQUID, AND GASEOUS. 

Th..-irAo,> i niVJuii,.. For the us* o-f Chemistsand Engineers. Bi 

ll.l.l'ir-i i. I i ^ , I., ■■in,-! iv An., li-ticiii .i!irt Coii.iihnii; Cliirni-.il f > Itu 

I . ' -.1 .unl, Edition. Crown Svo. cloth . , 2/0 

FUEL, ITS COMBUSTION AND ECONOMY. 



STEAM AND THE STEAM ENGINE, 

Stationary ami Portable. Being an Extension of the Treatise on It 

Sn-am K 1 1 W i rit.- u| Mr, J, SKYfELL. IJy D. K, CLA«K,C.E. 1 ■'■■ 

Crown bvo. cloth . , 3 „ 

PUMPS AND PUMPINO. 

A Handbook far Pump Users. Being Nolo on Blk 
Management By M. Powts Bale, M.l.iii.C.li., M.I.M. 



REFRIQERATION, COLD STORAGE, & ICE-MAKING: 

A Practical Treatise on the Art and Sana si RefrnntiML. By A. J. 

i. ■ , ■ ■ 1. ,. 




THE POCKET BOOK OF REFRIGERATION AND ICE- 

MAKINQ. 

By A. I. Wallis-Tayi.sk, A.M.Inst.C.K. Author of ''Refrigerating and Ice- 
making Mad, imry, it,;. I i.ir.i lv : .iri.,n, llnl.ir^.l. Crown Svo. doth Xit 3 6 

REFRIGERATING & ICE-MAKINO MACHINERY. 

A Descriptive Treadle for the Use of Persons Employing Reiilgeiaiinr. 

and Ice-M.ilciiiE lri-l:i/.-..i..i,-, :uici ..ihtr.i. By A. J. Waj l;,1 ai i . - 
A.M.lnst.C.K. Third J'.JisiMn, Kniarged. Crown Bvo, cloth . . 7, ; 3 

"PracHcaJ. explicit, ■uiih [,T„I\.^,I| ill -rnrcl. — I. . ., ;,< jv, Hrratd. 



MECHANICAL h A V, I SEEKING, &«. 



MOTOR VEHICLES FOR BUSINESS PURPOSES. 



MOTOR CARS OR POWER-CARRIAGES FOR COMMON 
ROAD S. 

By A. J. W,i.[.k.T,ii'!.fi, A.M.lasI.CE. 31= pp., with jfi Illusl 
Crown Sv Q , cloth 



AERIAL NAVIOATION 

A Pnctic.il Handbook on th 



■ ■ '■■■.!•: ih< Ojir.ti-wrli-ri .jf I'Criiiil.le H.i[k.on5, Aerostats, 



STONE-WORKINO MACHINERY. 

A Manual dealing with ihe Rapid and Economical Conversion of Stone. With 
Hints On tile Arraivi.-ru.-m ar.i M.i:,.',v:ru.:nl . I St.j-if Wnrlts. Kt M. POWIS 



FIRES, FIRE-ENOINES, AND FIRE BRIGADES. 

With a History of Fire-Engines, their Construction, Use, and Manage. 
ment; Foreign fire Spit..; iin.i. ..,„ rire-ftrigtdcs, &c By C. F. T. 
Young, C.E. 8to, cloth £1 4s. 

CRANES, 

Tin- Construction of, and clli-- Ma.- m r.ir Kii-.iiv i i,-;i vv li.-.lif- fi'r ill- 

Ereeilon of Biilldiiitfs, &c. % J. Ci.vs S ', V.R.S. Crown Svo, cloth 1/6 




CROSBY LOCKWOOD * SON'S CATALOGUE. 



\ I'm,- 1 !..-.! ! Temu™ f..r (he Use of F.rijriii-eis an,' ": '..■■' '■ ■■ : 

KW. K. Kurt. in, A.M. Insl.C.K., Consultim; Kneinee. 10 ilie Tiilyi. 
aer-ttarlcK, Second Edition. Revised and E.tended. Will numerous 
: i ■; .^-r ■ r. .>■ i] IvO, 1,1], Icnin, , . , . 2fi''0 



THE WATER SUPPLY OF CITIES AND TOWNS. 

By William Humhek, A.M.Intt.C.E., and M.Itwt.M.E., Author of "Cast 

and W.oubIii Ht.il llri-Jc- (...-,. i, Lj.Liiri.-' Sic, Sic. Illustrated with <a Doubli 
Plates. 1 Single Plate, Coloured Frontispiece, (fid upwards of 150 Woodcuts, 



RURAL WATER SUPPLY. 

A Practical Handbook on til" Saurih of Water and Constructian of W.tei. 

- Second t-diiior,. 



mend viii. tarn -.u| ',* 



WATER ENOlNEER.Na. 

A Practical Treatise on [he Measurement, Storaee. Conveyance, end U(i& a- 
lion of Water (or the Supply of Tow,:-. . . .- g|U Purpose. 

''"''" "I. Crown 8vo, clolb . 7/8 



CIVIL ENGINEERING. SURVEYING, dk. 



Hi JOSKPII (JlAMS, I'.R.S.. ^0. 

.-SINKING. 



HYDRAULIC POWER ENQ1NEER1NO. 

A !'■ i i..:.i' M.:.ii:i-.' o!, i- - ('. ■! -i, an'! I rii' 

Hydraulic M ■,.;■, ■.--,.-. n y c;. CmiynoH Marks. A 
Edition, Enlarged, with about : - *"- 



In moderine Mmibject UitcrBSIlnK as ,re[[ a; Inaliucitvi:. ■—/',". -f,V.,/ ':■/>:<■«*'. 

HYDRAULIC MANUAL." 

Consisting of Working Tables and Explanatory Te«t, Intended as 1 Guide in 
H; 1 i 1 e i I i DA Jackso* 

Edition, Enlarged. Large crown Bvo,' cloth . . ' , ' . Ifi/O 

HYDRAULIC TABLES, CO-EFFICIENTS, & FORMULA. 

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and 
Rivers. Willi N'.'ii- h,.,-:,i'.liv. /Ji, :■!■■■■. :!.,■! /ii.v.i-rV. I vt..r-..::-.i i.;:i on Rain- fall, 

Power. "' By John NeTi^e, C™" m'r.I.a" TlmS 'EdTtionTTerised. with 
additions. Sunieru.!.. Ill lif ,™ ions: Crovrn Svo, doth . . 14/0 

MASONRY DAMS from INCEPTION to COMPLETION. 

Including numerous Formula;, Forms of Specification and Tender, Pocket 
Diagram of foi.;e,, JU. for the u„e of Civil and Mining )'.n B ir.ee.s. Iv 
C. P. Coukthbv, M.lnst.C.E. Svo, cloth 9/0 

RIVER "bars/"' """" 

The Causes of their Formation, and their Treatment l.y " Induced Tid.l 

to Bb'm DnbHiL^'r a Port ind Dorln 
Board. Royal Svo, cloth 7/6 

DRAINAGE OF LANDS, TOWNS AND BUILDINGS. 

By C. O, Demi-sky. C.E. Revised, with large Ad.r.ticrfs tin K.cnn l'i.„ m 



4aWa.I KlA.I W WM. WQW A.M) STEEL WORK, 



I CATALOGnS, 
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^i gULS AWD CONSTRICTION. 

. - - 30 

EXPERIMENTS ON THE FLEXURE, OF BEAMS. 

¥".!*"' S ^ ° *i" ' ».* ** *~ Imat Mm by Bndtling. ByAt-BiniT 
l 1 * 1 - ■e^™»»»«iak JV(( 9;0 

TRUSSES OF WOOD AND IRON. 

li'Jjlj.' ,*£*{■ "J™ ■* t,l ^ r « ■ D*tei»iBin E [he Stresses, BrealdTis 
Wi y" g f*'. ' " a^M jft'i 1 JPetaahrfCkiaatrnctinp. With Complete 
Wnraaw* »>■'■(■ BT W. Gi-Tmni Smrja. Oblong gvo, cloth 4/6 

CONSTRUCTION OF ROOFS, OF WOOD AND IRON: 

DB*™4l*ie^m"<l»t Wntotf Robum, Tredgold, and Humber. By 
g. W. Taax, M.A_, Architect. Foonh Edition. Crown tivo. cloth. 1/6 



A TREATISE ON THE STRENOTH OF MATERIALS. 

yi|h Kites [or Application in Architecture, the. Construction or Suspension 
Bridies. Railway*, fee Bj Ptm Biblow, F.R.S. A new Edition, revised 
b.ha Sons. P. W. Bamujw. f.R.S . i„-„i W. il. Ua.kl.ow. F.R.S. ■ to w:.!-:. 
.L .dded, Experiments by HODmOtmOet, FAIRUnW, and KLiekaldy; and 
Fomtda: for caWating Girders. &c_ Edited by Wh. Humhhj., A. M. tnst.C.E. 
Woodcuts, cloth . . . IB.'O 



EXPANSION OF STRUCTURES BY HEAT. 

By Jomi Knur, C.E., late of the Indian Public Works Department. Crown 



e/e 



THE PROGRESS OF ENGINEERING (i8<j 3 -61. 
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IvWm. HliMBHR, A M.lnst.C.E. Complete in Four Vols, Containing t<B 
il ulii.- I'IlI'- '^ith I'.in^ii- Mul C"]'ioit^ De-criptive Letterpress, Impl. 4to, 

. I,.,,,,,,.,.:.-., i'vi..:-. .......1.1. i.:. £12 1 2s. ; or entb Volume sold separately 

»i £3 3«. 1"' Volume. Discrifilhx List <■/ CeittnUvHafttUati**, 

OAS WORKS, 

•ri..iF rnncimrtlon and Arraneewient, and the Manufacture and Distribution 
;,"£." C... K S Bm.».- ' 



Crown 8vo, cloth ■ * rfM1 '^' -boj j m J u«l'coM™ne™.--f * 




BLASTING AND QUARRYING OF STONE, 

For Building and other Purposes. Willi Remarks en the 
Bridges, liy Gen. Sir J. l.-Hmui.iM:, K.L.LI. Crown ,-ivo, <: 



ENGINEERING STANDARDS COM- 
MITTEE'S PUBLICATIONS. 

The Engineering Standahds Committee is the outcome of a 
Committee appointed l.\- tlio [ n -. 1 1 n : 1 1 ■ r i of Civil Euoiiicrrs at the instance 
of Sir John Wolfe Barry. K.C.B., 10 inquire into the advisability of 
Standardising Rolled Iron and Steel Sections. 

The Committee is supported by the Institution of Civil Engineers, the 
Institution of Mechanical Englnoew tiie Institution of Naval Architects, 
the Iron and Stc./l Institute, and tin- [ii.-.iiiution of Electrical Engineers ; 
and the Vilue and importance of its labours has been emphatically 
recognised bv His Majesty's Government, who have made a liberal grant 
from the Public Funds bv w;,v c.1 contribmiuii to the financial resources of 
the Committee, 

Reports already Published : — 



.s.-Channels.-Beams, K.I I/O 

TRAMWAY RAILS AND FISH-PLATES: STANDARD 
.SECTIONS AND SPECIFICATION. Nil 21/0 

REPORT ON THE INFLUENCE OF GAUGE LENGTH. 

By Professor W. C. Uhwih, F.R.S. St 3/Q 
PROPERTIES OF STANDARD BEAMS. 

{Included in No. 6,} Nil 1 /O 
STANDARD LOCOMOTIVES FOR INDIAN RAIL- 
WAYS. Nil 10/6 
PROPERTIES OF BRITISH STANDARD SECTIONS. 

Diagrams, Difinitions, Tables, and Formulas. Nil 6/Q 



SPECIFICATION FOR TUBULAR TRAMWAY POLES. 

mt s/0 

SPECIFICATION AND SECTIONS OF BULL-HEADED 

RAILWAY KAILS. Net 10/6 

io. TABLES OF PIPE FLANQES. 
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CHAIN CABLES AND CHAINS. 



Chain Cable and Chain Making. Forming mad Welding Link-. Strong °l 
Cables an.! Chain,. Ceiliri. .I-- ■,.., Cable,, Markinii Cable,. Prices of Chain 
Cables and Chains, Hisiorical Notes, Acts of Parliani 



CiiaiBM for Testing, Liu of MaanfaccuiH* of Cables. &c, Ac Br 
Thomas W. TaalLL, F.E.R.N., M. Iti.i.C. M.. FngirieeE -Surveyor -in-Chief, 
Board of Trade. Inspector of Chain Cable add Anchor P roving Bad 
and General Supenn lender*, Lloyd's Coiniiiiuee on Proving H.5iabljsbinen[s. 
With numerous Tables, ILlusirarions, and Lithographic Drawings. Folio. 
■ . - £2 2*. 






THE SHIPBUILDING INDUSTRY OF GERMANY. 

royal , to, clolh ' Mt 1 Q 6 

SHIPS AND BOATS. 

By W, Bush Wiih numerous Illustrations, and Models. Tenth Ediliou. 

SHIPS FOR OCEAN AND RIVER SERVICE, 
AN ATLAS OF ENORAVINOS 
NAVAL ARCHITECTURE. 

An Enposition of th» Flenn.iiia.y Principles. By J. PtAKE. Cr. Bvo, 
d°th 3/6 

THE ART AND SCIENCE OF SAILMAK1NG. 

By Sakuhl B. Sadler, Practical Sailmaker, Sue in the employment of 
Messrs, Ratscy arid Laptlmrnc, ol Cnwe.. ami ("....sjjoei. i'latctr. .to, clolh. 

12 8 

" Thll e*tri-»i-0v e!:. In EiH f-[leb■,ll^c[le5.>[1n*■.E^lv.E■ 

■KtB— fa ™°*"1 "HI. ropjnp, seaming, and tforlEifi- It Is CEfplouJv LQubtraled. jod wiU form Inrn- 

SAILS AND SAIL-MAKING. 

ran (lilting, and [he Centre i 
Ropes; Masting, Rigging. 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. 
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Guillauve. Architect. Crown Svo, cloth . 
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ARCHITECTURE STYLES. 

The History .m.l LV'cs- on ijf ilif Sivlfi of A 

Conntri.'i, from -.h,: E.irlk-.l to lit. ■ [>[■:. pin Period. 



'.• r*» thru pnci.liis tl-W/u. in Que ltar.,kwie l'r!.. half-Kiml, nlWr-.l 
"Modus Architectc-he," price BIO- 

ARCHITECTURAL MODELLING IN PAPER, 

The Art of. By T. A. Richardson. Crown Svo, cloth . . .1/6 

VITRUVIUS - THE ARCHITECTURE OF MARCUS 
VITRLVILS POLLIO. 

In Ten Books. Translated from the Latin by ], GsVILt. With .•", Plaits. 

Crown Svo, cloth BIO 

X.B.—This is the i"ii'...- £rfrfii-r( <,/ Virtu in ■■ /'in iu.iWi ill ,i moderate price. 

GRECIAN ARCHITECTURE, 

An Iniiiiirvi:: thi !-|i|. fpjwoi Beaut] in; <vith.ni Htelorlcal \i. -.. ..diiii- 

Riseand Progress or the Art in Greece. By the Eahl ok Aberdeen 1/0 
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LIGHT: 

An lntrotlut.tJ...|i l.i ill.- ?(.:i:i--eot Op:k- TV. kii.-.I :..r .!:■ r.c..i '.-I d.-i 
,,l Ai.-I. ;.. ( .|||. , [■;:..■ ...■ ,i ..:!.. ■.■.,:■, I :-,■■■ ■'.. '■. I ■.', . I Ali 

M,.\. Croviu 5vn, cloth . 1 : 
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WOODWORKING MACHINERY. 

Its Rise, Progress, and Construction. With 
of Recent Designs by Jcadi 



■:.. [Tenth, and American Engineers. By 
ISt.C.E., M.I.Medl.K. Second Edition, Revised. 
ilh large Additions, large crown Svo, 440 pp., clolh .... B/O 



SAW MILLS. 

Theit Arrangement and Management, end the Economical Conversion of 
Timber, by M. Poms Ual.il, M.Innt.C.L.. M.I M-,c:i. J-.. Second K.iiii.m, 
Revised. Crown Svo, cloth 106 

THE ELEMENTARY PRINCIPLES OF CARPENTRY. 

and Pioper;..-, of limner, ice. witn Descrintions of tbe kinds of Wood used 

in Building; also numerous T.d,:,:. .1 11. = S.ui lin;- of 'fir - for .tilr-.-i ■ r.t 

purposes, the Specific G. a. j i ■■ I :i- Iiiubas Trkdoolii, C.K.. 

Witt an * ..f >;-..-,ini-::n>. ,,■: ■,:,.-,.,„ \:. ..:,,.. I an d Stone, Illus- 

trated. Seventh Edition, thoroughly Revised and considerably Enlarged by 

[■. vVi .!■ i« U11 M.A., .1 ■ li. ■■Li... ,1 fcuil. In,' ■ ,v. 

With 61 Plates, Portrait of the Author, and several Woodcuts. In One large 
Vol., fto, doth £1 Si. 

" Ought to W in .v.Ty T' ■.ll.-.l , .-..I cvtr, I-mIMci'i, library "—Builder. 



THE CARPENTER'S QUIDE. 

Or, Book of Lines for Carpenters ; comprising all the Elementary Principles 
essential f:,i .■■.... K.-Lnn-cii ,„; ihe Lite P.- ] er 
\ ll r, ^ h TB 
F.S.A. Together with Practical Rules od Drawing, by Geoigi Pynb. 
With 7 « Plates, 4 to, clolh "SI 1». 

CARPENTRY AND JOINERY— 

The Element. ,rv l'.i,,.;:..|v- ...I Carpentry. Chiefly composed from thr- 
Strmdard Work -.1! I'. " l',- r.u ;r,i :i. Will, .\.ld,;,.-,n; „:!il a Ireatise on 
Joinery by E. W. Tahs, M. A. Liglilli LJilkm. Crown Bfo. cloth 3'6 

With Descriptive Letterpress. ,10 6/6 
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HANDRAILINO COMPLETE IN EIGHT LESSONS. 

the Square-Cut System. By I- S. Goldthobi\ Teacher of Geometry 
Uuildioe Conslmcrian at the H..I that* Wilt Eight 



Plus and ova 150 Practical Eie: 
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ROOF CARPENTRY 

Practical Lemons In the Fram.ni; of Wood Roofs. Foi the ust of Woihin( 
Carpenten. By Geo. Conines. down Bvo, cloth .... 2.0 

CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A practical Treatise on Circular Work of Single 

: " 

I PRACTICAL TREATISE ON HANDRAILINQ: 
Showing New and Simple Methods. Hv Geo. Collihcs. ' 
including a Trwitlsc on Stalrbulldlnej. Crown Bvo, cloth . 
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HE CABINET-MAKER'S GUIDE TO THE ENTIRE 

CCJ1SSTR UCTION OP CABINET WORK. 

By Ric-haho P.iimeaij. Illustrated with Plans, Sections and Working 
Drawings Crown ELvo, cloth ......... 2/0 

THE JOINTS MADE AND USED BY BUILDERS. 

With 16b Woodcuts. Crown Svo, cloth . . 3,0 

TIMBER IMPORTER'S, TIMBER MERCHANT'S, AND 

BLILIIHR* STA*DARD GUIDE. 

By R. E. Gbakliv. Crown Bvo, cloth 2iO 

TIMBER MERCHANT'S and BUILDER'S COMPANION. 

ing New and Copious Tables of the Reduced Weicbt and Measure- 
Deals and Battens, of all fires, and other Useful Tables for the use of 
TNG. (nib Kdin.iN. 
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THE PRACTICAL TIMBER MERCHANT. 

ie Use of Building Contractors, Surveyor!, Builders, etc. 



comprising nsefi:L ':;i'::. i.ir all i,v.: p.-..- c« ojniected with the Timber Tradt, 
Marks of W.,. ■! "I hnbet, Remarks on the Growth of 

Timber, Sc By W, Richakeson. Second Edition. Fcati. Svo, cloth . 8/fl 






PACKING-CASE TABLES. 

ring the number of Superficial Feet in Boxes or Packing-Cases, from six 
a square and upwards. By W. Richardson, Timber Broker. Fourth 
on. Oblong 410. cloth 3/6 



QUIDE TO SUPERFICIAL MEASUREMENT. 

For the use of Arcttl .1 . SurfMonT^guieBim, Timber 
Builders, &o. By J. Haivxikos. Pi tin Edition. Crown Svo.c 



DECORATIVE ARTS, *e. 



DECORATIVE ARTS, ETC. 
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ELEMENTARY DECORATION: 
PRACTICAL HOUSE DECORATION. 

A Guide 1c the Art of Ornamental Fainting, the arrangement of Col 
Apartments, ami tlje Pi iiiciv.lt;:-, of Decorative Design. By JA\ 
Facky. Crown Bvo, cloth 



ORNAMENTAL ALPHABETS, ANCIENT & MEDIEVAL. 

FtOtn the Eighth Century, with Numerals; including Gothic. Church-Tent, 

Draughtsmen, Missal Painter, M;i.-.,:i.- De.:.,i :i'.,ve P:drjle(s. L][L].^T:L|.ricj.^. 
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MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 

lndialing German. Old English, Saaon, Italic, Perspective, Greek, Hebrew, 
Coon Hand Engrossing, fmni Riband, Gothic, Rusiic. and Arabesque; 
with several Original Designs, and an .Analysis of the Roman and Old English 
Alphabets, I»xe and null, inn Numerals, for [he use of Draughtsmen, 
Somrewv Masons. Decmnir Painters, lithographers, Engravers, Carvers, 
Ac CelkcHd and England by F. Dilahotti, and printed in Colours. 
Has and Cheaper Edition. Ron! Svo, oblong, ornamental boards . 2/8 



■n Gold and Colours. Wirt> an Introduction by J. Willis Buooks. Fifth 
Edition. Small no, ornamental boards JVll BlO 

A PRIMER OF THE ART OF ILLUMINATION. 

For the Use of Beginners; with a Rudimentary Treatise on the Art, Practical 

Hi—lion! for its Eiercise, and Eiamples taken from Illuminated MSS„ 

d in Gold and Colours. By F. Dii.amotti. New and Cheapo 



printed in Gold and 
Edition. Small 410, ot 



THE EMBROIDERER'S BOOK OF DESIGN. 

Containing Initials, Emblems, Cyphers, Monograms, Ornamental Borden, 
i Devices, Medueval and Modern Alphabets, and National 



j printed in Cole 



MARBLE DECORATION 

And the Terminology of British and Foreign Marbles, A Handbook ft 

-■■.-:■ )::*.;*. ve. A,ti...r .,; '■ S*,.,rm S ana its Applia 

tion,-Sc. With .a iliu.-ttini.-ns. Crown a™, doth . . . . S/l 



THE DECORATOR'S ASSISTANT. 

Gilders. Ac. C<jr,tai:iinp upward: cf 600 Receipts. Ruier,, :i 
InterioT and Eaterior Decorations, &c. Eighth K.iitl.u. Cr. 



GRAMMAR OF COLOURING. 

Applied to Pccoimivt l'ni.iiinj- mid the Art;, By G. Field. New Edition, 
enlarged by E. A. Davidson. Will] Coioiirtd Plates. Crown Svo, cloth &0 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING: 

With a Course .if l-Ik ir.cn I. ,vi Pciivinc. curl a Collodion of Useful Receipts. 
By E. A. Davidson. Nitill: liditi,.:!. Coloured Plates. Cr. Svo, cloth . 5,0 
%* Tht abo-.'t, in doth !■■■:,>. h. *.',,',](;'.■, 6, uud, 6,0' 

ART OF LETTER PA1NTINO MADE EASY. 

By J. G. Badenoch. With ti full page Engravings of Eiampies. Ct. avo 1 /fl 

,,?;!;, ^.",':!.'rV \f.,y\\t' "■■'■!'."' 



DECORATIVE ARTS, &-C 
PAINT1N0 POPULARLY EXPLAINED. 

By Thomas John Giti.uck, Painter, and Johk Tuir.s. PS. A. Including 
Fresco, Oil, Mosaic, WLiiirr C-l--:u-. ^V".i i- -r-iirila.^^, Tempera, Encaustic, 
Miniaturf, Paintinu an Iv,-.|-%, Vflliuii I'ou.vv, ]:n,.:./|, lilaw, ic. SiMb 

Edition. Crown Svo, cloth fi/Q 

•.- Adapted a.i a /Vim So.j* «( 5o«Mi Kmsinglon. 

GLASS STAININO, AND PAINTING ON GLASS. 

From the German of Dr !.;ii«F.Ki md IO.ias ■*:(. Orm ]- -,- . m :je:f;. .. With 
an Appcndii on The An of Enamelling. Crown Bvo, cloth . . 2/6 
WOOD-CARVINO FOR AMATEURS, 

With Hints on Desi E n. By A Lad?, With id Plates. New and Cheaper 
Edition. Crown B«o, in emblematic wrapper 2 O 

Lillys publicitlim. ■—- muhnn, 

NATURAL SCIENCE, ETC. 
THE VISIBLE UNIVERSE. 

Chapters on the Origin and Construction of the Heavens. By J. E. Gore. 
F.R.A.S., Auihor of "Star Groups, .\. . I. r Photograph. 
Uld .. Plate*. Demy Svo, cloth 18/0 

STAR GROUPS. 

A Student's Guide to the Coni-te llations. By J. Ellabd Gam, F.R.A.S., 
M.R.l.A , ftc, Author of "The Virile U ,".!>■-, -e," -The Scenery of the 
Heavens," 6c. With 30 Maps. Small .to, cloth 6/D 

AN ASTRONOMICAL GLOSSARY. 

Or, Dictionary of Terms used in Astronomy. With Tables of Data and Lists 
of Remarkable ami lnt-r.-i; : : l; ( : ■.-..., i-A '< 'l.'er.ts. By J, Ellard Cjrb, 
F.R.A.S., Author of " Tbe Visible Universe," fee, Small crown Bvo, cloth. 

ASTRONOMY. 

By the late Rev. R. Mais, M.A., F.R.S. Third Edition, revised by 

■A".! ! !A-.| I .:.- 1: 1..L-.N. 1 -20 

THE MICROSCOPE. 

Its Construction and Managrmrnt. Including Technique, PI 

and the Past and Future of tbe Microscope. Hv I >r. Hi ■■■■■ 

Re-Edited and Augmented From the Fourth French Edition, and Iranslalea 

by Wyhnb E. Burm, F.G.S. Imp. gvo, cloth .... 18/0 

MANUAL OF THE MOLLUSCA : 

A Treatise. .n [;.<:, -ill ;m.l !■<,. „il v,! M -IK liy Dr. S. 1>. Wooijivari!, A.L.S. 

With Appendil by Ralph Tate, A.L.S., f'.G.S. n 

and joo Woodcuts. Crown SVa, cloth 11a 

THE TWIN RECORDS OF CREATION. 

Or, Geology and Genesis, their Perfect Harmony and Wonderful Concord. 
By G. Vf.y. lb Vaox. Bvo, cloth 6/0 

LARDNER'S HANDBOOKS OF SCIENCE. 
HANDBOOK OF MECHANICS. 

Enlarged and re-written by B. Loewv, F.R.A.S. Post Evo, cloth . 6/0 

HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 

Revised and Enlarged by B. LoKWY, F.R.A.S. Post Bvo, cloth . S/0 

HANDBOOK OF HEAT. 

and rewritten by B. LoHWT, F.R.A.S. Post Svo, cloth . B/O 
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HANDBOOK OF OPTICS. 

Nc-Edioaa. Editedby T. Oi-m Hudihc.. B.A. Small Sto, clod) E'O 

ELECTRICITY. MAGNETISM. AND ACOUSTICS. 

■Aid by Gn C. Fosra, B.A. Small Ivo, doth .... BIO 

HANDBOOK OF ASTRONOMY. 

Revised and&iited nyEnwtii Dukkih, F.R.A.S. Im, doth . . 9)6 

MUSEUM OF SCIENCE AND ART. 

Withop™dsofi,»ooEogTlTirujs. In SUDfMhl* Volumes, £1 f,. Cloth, 
n, half-morccco £1 11m. 6d. 

NATURAL PHILOSOPHY FOR SCHOOLS . . 3,8 

ANIMAL PHY5I0L00Y FOR SCHOOLS . 36 
THE ELECTRIC TELEGRAPH. 

Re.-i.-ed by E. E. B*i6KT. F.R.A.S. Fap. Ivo, doth . 2 6 



CHEMICAL MANUFACTURES, 
CHEMISTRY, ETC. 



THE OIL FIELDS OF RUSSIA AND THE RUSSIAN 

I'l.lk'-'l.l.l M IMlLflk'V. 
A Practical Handl-L-jk on the Exploration, Exploitation, and Management 
of Rmiin Oil ProneMi--. ::■■:'..:■:;; ^ N\.i-i oil th<: Origin M Petroleum in 
Theory and Practice of Liquid Furl, and > 
- Intions conotniing Russian Oil Properties. 
11. . I^i.. ( hiic!" Engineer and Manager ol the 



i of the Kuleiand Regulations cvmc>-r.iirui Russian Oil P.operti. 



European i'etroli 

■■— urn Tllflu 

Saboonrchy- Romany Oil Fi.M. ruiper-mi a] 5 vo, cloth . , {ft I £3 3, 

THE ANALYSIS OF OILS AND ALLIED SUBSTANCES. 

Chemistry at the Vorkshin: (.' "■*.-■. I.'.- ■!-. j'nj l-ectmer in Chemistry at rbe 
Hull Technical School Demy 8yo, cloth M 9,0 

A HANDYBOOK FOR BREWERS. 



Being a Practical Guide to the Ait of Brewing and Haiti 
Conclusions 



.1 \!..i!r-m Research which bear upon the Practice of Brewing. 
imnmr Edwards Whight, M.A. Second Edition, Enlarged. Crown 
530 pp., cloth ... 1316 



A POCKET-BOOK OF MENSURATION AND GAUOINa. 

Containing Tables, Rules, and Memoranda for Revenue Officers, Brewer', 
Spirit Merchants, &c. By J. B. M*NT, Inland Revenue. Second Edition, 



CHEMICAL MANUFACTURES, CHEMISTRY, «*. 
THE OAS ENGINEER'S POCKET-BOOK. 

Comprising Tables, Notts and Memoranda relating lo Ihe Manufacture, 

D :„„l V- ,■( I. ,■;..! Iv.:- ;■.::.: li,.; on of Gas Worlti. By 

fully Illustrate'd, leather , ' . "IO/B 

LIGHTING BY ACETYLENE 

Generators, Bmn and Electric Furnnccs. By William E. Ciiitns, M.E, 
With 65 Illustrations. Crown Jvo, clotb 7/8 

ENGINEERING CHEMISTRY. 

A Practical Treatise for tilt. Use of Analytic! Cl.-i.i^-, Engineers, Iron 

mid Hmj ■ ■ Engu ring Work, with 

numerous Antdy.-^, K.'. :■! ■:;■.«■, :,:il: ^ucgestions. By H. Joshua Phili-h-s, 
F.I.C., F.C.S. Third Edition, Revised and Enlarged. Crown fiyo, «o pp., 
with Plains udotBH I llu-i,,,. [■.„,, cluth AW 10,'« 

NITRO-EXPLOSIVES. 

A Practical Treatise concerning the Pr-.jperries, M:uiu:.>, ; tiire, and Analysis 
Powder Company, I .Smiled, Sic. With Illustrations. Crown 9vo, clotb. 9,0 

A HANDBOOK ON MODERN EXPLOSIVES. 

A Practical Tir.iii-r ..m :h._- Mi-.rniri.- mjt ail.! Use el Dyi.Liniiie, Gun-Cotton, 
Nitro -Glycerine ami other Explosive Compounds, including Collodion -Cot Ion. 
Willi ChapRls on L.pUiv.-. ,:. ,',:!.:.! :il AppSiciitiun. liv M- Kliil 1 K. M. K. 

Second Edition, Enlarged. Crown 8vo cloth 12/8 

DANOEROUS OOODS. 

Their Sources m-.ii !■>„.■;■. ■, -,|.;s, M,„les of Slorage and Transport With Notes 
and Comments on Accidents arising therefrom. A Guide for Ihe Use of 
Governmenl and Rail-;,-, bis Owned, &c. By H. JosHUl, 

PHlLLlfS, F, I C. f.C.S. Crown 8vo,, 7 , pp., cloth .... 9/0 

A MANUAL OF THE ALKALI TRADE. 

Including the Manufacture of Sulphuric Acid, Sulpha:- of KmIii. 
Powder, iiy |.-,iim I„imas. ,Mk.,II Maniifhclnrfr. Will, m ..umuug. 
andWoikir,,; Hi.:-.-. . I - . it.- -■!. . -■Hi. A.i.iili.jr,,. Supe.-K.yal Svo, 
cloth £1 10a. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, Etc. 

Containing all known Methods of Anhydrous Analysis, many Working 
Examples, and Inbiructions for Making Apparatus. Iiy Lie ul. -Colonel W. A. 
Ross. K.A., F.G.S, Second Edition, Enlarged. Crown Bvo, cloth . 8/0 
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[THE MANUAL OF COLOURS AND DYE-WARES. 
Tbcil Properties, Applications, Valuations, Imparities and Sot/his 
Cot the Use of Dyers, Printers, Drysaltera, Broke" " " 



INDUSTRIAL ARTS, TRADES, AND 
MANUFACTURES. 

THE CULTIVATION AND PREPARATION OF PARA 
ItUBFIKR. 

Ily W. H. JniTssrjs, K.L.S., F It. U.S.. hivtcsor ::.f .-V;ii,Nl;ure, Cold Coast 

C .l.-.ny, Wt-t Aflii.il, '.-..nn-il-.j ;i.l i>v t;..v.-rnim-m in 10 ■; !■• ii5[l Ceilon m 

SruJy lilt Methods employed there in the Cultivation ami Preparation of 
i'..i.i I'.uI.'m ant! L.rli.. v A E i iciiko.nl Staples for Market, with a view to Intro- 

_ .i., t ,- 1 .-,.r,-i..t.'.V [ .l Alii..".. I>,ruy;iv.,, c :,nl, _, . . . AW 76 






RUBBER HAND STAMPS 

And the Manipulation of Rubber. A Practical Treatise nn the Manufacture o! 

l-. : '.:i '.nides of [adianiBBer, The Hektoerapli, 

Sp.cb! Ink., C, :t- ..,■.,! A'ii.ii :-i.l.i..,.i-.. By T. O'Comob Sloahi, A.M., 



PRACTICAL PAPER-MAKINQ. 









■'ilir.-. wiiii ,. li.-s liiilj.jn uf I he Machinery anil Atmli 
■■ .. . ■■■■ I i. I..:.. . !■■ ....... |. , |-,. .,. .; ■ ,: ' , 



Rig*. Espaito, 



A TREATISE ON PAPER. 

Foi Printers and SlMiol 
Table* of Si;es, ami K].e.:ii: 
Parkinson, late of theMiin 
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THE ART OF SOAP-MAKINO. 

A Practical Handbook of tbo Manufacture 
Scapn, 3tc. Including many New Processes, 
Glycerine from Waste L^ys. By Ale* 
including an Appendix on Modern Candiem 






PRACTICAL TANNING. 

A Handbook of Modern PmcesMS, I 
of Hides, Skins, an,! IVIls of .■■ 



THE ART OF LEATHER MANUFACTURE. 

A Practical Handbook, in which the Operations of Tan 
IxMber Dressing are fully Described, and the P. indoles of 
Together wilh a r " 




h Edition, Ihorougl 

Bvo. cloth .\rariy,m 

ART OF BOOT AND SHOEMAKING, 

Including Measurement. Last- fit ling, Cutting.,: 
Frith a Description of the most Approved Mach 
^Lewo. Cro«nB™.cl.nl. ,..._. 

COTTON MANUFACTURE. 

A Manual of Practical Tnirnittion of the Processes of Opening, Cudinc, 
Combing. Drawing, Doubling mil S:>iiiiiirii: of Cm.n, the Methods ol 

1'. ■■..■. X. 

EyJOHN Lisir:. I-Jmi,:,: l,i.!ru,[..., TVN.il.-l.m. 6 vo, cloth . . 7/8 

WATCH REPAIRING, CLEANING, AND ADJUSTING. 

A Practical HariJr-j-.t clenliii- »iih liie Mnlcriils and Tools Used, and lb- 
Methods of Kf|i.-.ivhm, CI- :oii:ij. Al-rn.j. anil l.liosllo; nil iiin.l, of LriEli-b 
and Fortltn W..L- hi-., Iii-i.,.,.n.,r.., Cl,t.,!„:' t t;.|,li- .I..I Mnrint Chronometers, 
ByF. J. G*rb*kd. Spring tt and Adjuster of tMnr.i, ,■-..■ [,. 

Watches for the Admiralty. Willi a Vcr ™ IIJ-.i.,i::n:.,ris. Cm n Svo. doth. 
Sit 410 

MODERN HOROLOGY, IN THEORY AND PRACTICE. 

Translated from the French of Cl.AUUivs Smbifh. e«-Itire.:i,„ of the School 
of Horology at Mkcon, by Joliiih Tiifpuk, I.K.A.S.. flesanenn Watch 
Manufacturer, and Kdwahii Rrou, M.A., Aisayer in Ihe Royal Mint. Wiib 
Seventy-eight Wooden If an.! 'I'i.-.tiii -■..■. ., C.'..uit,l Copier Plates. Second 
Edition. Super-royal Svo, £2 2t. clolh ; half-calf . . £2 1 Oa. 
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THE WATCHMAKER'S HANDBOOK. 
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pants Inilv aire* 



llaigtd by 1ULD.N TrtlffLtN, F.R.A.S. 

'■ Royal Mini. Fourth Edition. C 
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HISTORY OF WATCHES & OTHER TIMEKEEPERS. 

"Tfcfll^ vfcfc&hatrKapp*mdM1fci&*it4«ctlatheEii|!U3hlimKiiaEc- — IndMirriei. 
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ELECTRO PLATINQ*ELECTRO REFININdOFMETALS. 

Bciat » «■ *diiion of Aui.^cei Wjtt's " Elects □ -Deposition- " Kt 
*\-: : - ■ . : _t'y K . *-\z:--. bv \i;n.h ■-■ F'.nr.ip. li.^i;.. A-T.II.F. Piindpat 
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NUMBER, WEIGHT, AND FRACTIONAL CALCULATOR. 
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